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THE INFLUENCE OF CERTAIN SUGARS ON 
THE ANTIFUNGAL ACTIVITY OF SODIUM 
PYRIDINETHIONE ' 


Samuet M. Rince. Ano E. S. BENEKE 


(WITH 3 FIGURES) 


thiohydroxamic acid from 2 


et al (8) 


bromopyridine N-oxide and reported a high im vitro activity against a 


Shaw synthesized a cyclic 


variety of organisms. Pansy et al. (7) found this compound, 1-hydroxy 


2(1H) pyridinethione, to be extremely effective in controlling fungi in 


vitro at concentrations of 0.04-1.0 ppm. Soo-Hoo and Grunberg (9) 


conducted studies with various salts of 3-pyridinethiol with good re 


sults against dermatophytic as well as phytopathogenic fungi 


Modifications of medium constituents apparently are effective in 


altering the activity of some antibacterial compounds. Di Raimondo (4) 


reported that the vitamin B complex reduced the activity of the anti 


biotics terramycin and tyrothricin against Micrococcus pyogenes var 


aureus. According to Weinberg (10), the inhibition of Mycobacterium 


avium by the antibiotics aureomycin and terramycin is significantly 


increased by the addition of phosphate to the medium 


In this investigation, four different carbohydrate sources were em 


ployed separately in conjunction with varying concentrations of sodium 


pyridinethione (the sodium salt of 2-pyridinethiol, l-oxide*) to deter 


1 Journal article No, 1793 from the Michigan Agricultural Experiment Statior 


and Contribution No 10 from the Department of Botany and Plant Pathology, 


Michigan State University, East Lansing, Michigar This work was made possible 


by a grant from the Horace H. Rackham Research Endowment 


) 


2-pyridinethiol, l-oxide was kindly furnished by The 


Ihe sodium salt of 


Squibb Institute for Medical Researcl New Brunswick, New Jersey 


| Mycotocia for March-April, 1956 (48: 169-328) wa sued M 1956. 
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mine the effects, if any, on the test organism. The effect on spore 


mination was also studied, 


MATERIALS AND METHODS 


The organisms used in this study were: Colletotrichum phomoides 
(Saecc.) Chester, obtained from Indiana tomato fruits in the summer of 
1953 and designated as strain CAVA, Helminthosporium carbonum Ull- 
strup, Colletotrichum lagenarium (Pers.) E. & H. and Puceinia sorghi 
Schw. The first two organisms were routinely maintained on potato dex 
trose agar slants, C. lagenarium on \V-8 agar and the uredospores of 
IP’. sorghi were stored at 5° C. 

The basal medium was Lilly and Barnett’s (6) synthetic glucose 
asparagine, complete with the exception of the carbohydrate source. 
This medium, compounded on the liter basis, contained L-asparagine, 
2 ¢; MgSO,-7H.O, 0.5 g; KH,PO,, 1.0 g; Fe, 0.2 mg; Zn, 0.2 mg; 
Mn, 0.1 mg; thiamine HCI, 100 pg, and biotin, 5 pg. The standard 
medium contained glucose equivalent to 4 g carbon per liter; hence the 
following sugars were used in the quantities specified so as to give this 
amount of carbon: D-glucose, 10 g; sucrose, 9.5 g; alpha-lactose- H,O, 
10 g, and D-xylose, 10 g. The medium was made up to 960 ml volume 
with double distilled water so that the addition of 1 ml of inoculum and 
1 ml of sodium pyridinethione to 48 ml of the medium would yield 50 ml 
at the proper concentration level of nutrients. The pH was adjusted to 
6.0 with a Beckman glass electrode pH meter. Forty-eight ml of the 
medium were dispensed into 250 ml Erlenmeyer flasks and autoclaved 
at 120° C for 15 minutes. The flasks were removed from the autoclave 
as soon as possible to offset caramelization. All glassware employed 
had been previously cleaned in a synthetic detergent solution followed 
by a tap water wash and a distilled water rinse. 

Colletotrichum phomoides C80A was the fungus used in the sugar 
studies. The inoculum was prepared by transferring 1 ml of an aqueous 
suspension obtained from a stock culture to a flask containing the com 
plete glucose asparagine medium and incubated on a rotary shaker at 


25° C. At the end of 4 days, the prolific quantity of conidia caused the 


medium to become milky in appearance. The culture supernatant con- 
taining the suspended conidia was decanted and centrifuged. After 
washing twice with sterile distilled water, the number of conidia was 
adjusted with a Levy hemacytometer to 150,000 spores per ml. One ml 
of this inoculum was added to the medium (equivalent to 3000 spores 


per ml of medium) followed by 1 ml of a freshly prepared Seitz-filtered 


gel 
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aqueous solution of sodium pyridinethione at that concentration designed 


to vield the desired final amount in pg ml The flasks were gently 
swirled after the addition of each constituent. The flasks in all in 
stances were prepared in 2 series, one to be incubated in a stationary 
position and the other to be agitated on a Kershaw rotary shaker at 
140 rpm. All treatments were made in triplicate and incubated at 
approximately 25° C. The shake cultures were harvested at the end 
of 6 days and the stationary cultures at the end of 9 days unless other 
wise stated. At harvest time, the mycelium from each flask was filtered 
via suction on a Buchner funnel through a nylon filter. The mycelium 
was then washed three times with distilled water, placed in a numbered 
tared aluminum weighing cup and dried overnight at 60° C The cups 
with the dried mycelia were then kept in a dessicator until weighed 
The pH of the filtrate was determined at harvest time ach value 
reported is the average of three flasks. The results of the stationary 
culture series were omitted since they did not differ from the shake 
cultures 

In another series, utilizing glucose as the carbohydrate source, vary 
ing concentrations of sodium pyridinethione were employed to determine 
the effects on the growth curves of C. phomoides C80A, In addition, 
spore germination tests were set up for a 24-hour period employing the 
glass slide technique (1, 2, 3). The test tube dilution method was used 
with distilled water as the suspending medium for the spores 


RESULTS 


The results with sodium pyridinethione in conjunction with four 
different sugars, D-xylose, D-glucose, sucrose and alpha-lactose, have 
been plotted as the weight of dry mycelium against increasing concen 
trations of the antifungal material (Fic. 1). Antifungal activity was 
markedly increased in the presence of sucrose. At 0.02 pg/ml, there 
was &2% inhibition and at 0.04 pg/ml, the organism was totally in 
hibited. C. phomoides C80A does not utilize lactose to any extent and 
in addition, was not markedly affected by increasing concentrations of 
the test material. The shapes of the curves for both D-glucose and 
1)-xylose are similar with respect to their slopes, a sharp drop in growth 
was evident up to 0.12 pg/ml and thereafter a more gradual decrease o¢ 


curred until, at 0.32 pg ml concentration, growth of the organism was 


totally inhibited. When the concentration of sodium pyridinethione 
was increased to 0.08 pg/ml in the medium containing D-glucose, only 


a slight decrease occurred in the rate ot growth of the fungus Con the 
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other hand, a marked decrease occurred in the growth rate at concen- 
trations of sodium pyridinethione lower than 0.08 pg/ml when the other 
sugars were used. 

Low concentrations of sodium pyridinethione added to cultures con- 


taining the glucose asparagine medium at the time of inoculation induce 


a 


D-glucose 


a 

3 


E 
= 
> 
E 
> 
o 
= 


D-xylose 
~ 


0.02 004 008 O/2 0.32 
ag./mi. Sodium pyridinethione 
re | Response of Colletotrichum phomoides C80A to increasing concentra 


tions of sodium pyridinethione in conjunction with different sugars. Shake cul 


tures, incubated for 6 days at approximately 25° ( 

a lag in the growth curves (Fic. 2). At the end of 4 days, inhibition 
was still virtually complete at the 0.12 pg/ml level whereas the retarda- 
tion was progressively lessened at decreasing concentrations of the anti- 
fungal material. The control and treatments at 0.02 and 0.04 pg/ml 
showed very similar growth peaks at the end of 6 days and thereafter 
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decreased to the same level at 84 days, the latter indicative of senescence 


The retardation period at the 0.12 pg/ml level was prolonged beyond 


4 days and thereafter growth was very rapid until, at the end of 84 days, 


it was equivalent to the 6-day peaks for the other treatments. There 
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Fy. 2. Growth curves of Colletotrichum phomotd ( 


varving concentrations of sodium pyridinethione. Glucose asparagine 


shake cultures, incubated at approximately 25” ( 


5. at which time 


was a gradual increase in the pH of the medium to y 
rate of growth. During autolysi 


the fungus reached its maximum 


the pH was raised to &.0-8.2 


Minute amounts of sodium pyridinethione were required to induce 
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G/ML SODIUM PYRIDINETHIONE REQUIRED FOR TOTAL INHIBITION OF SPOR 
GERMINATION, 24-HouR INCUBATION IN DISTILLED WATER 


Sod 


ue 
Organism pyridinethione 
Colletotrichum phomoides CSOA 0.05 
Colletotrichum lagenarium 0.05 
Helminthosporium carbonum 0.10 
0.05 


Puccinia sorght 


aberrations in spore germination (TABLI I, Fic. 3) and increasing con 
centrations of this compound caused marked changes in germ tube for 
mation, This was especially evident in the results with Helmintho 


porium carbonum, where 0.05 pg/ml caused vesicle formation at the 
bavi: 
~~ 
of 
é c d 
| 
4 


af’ 
bd 
. 


Fic. 3. The effect of sodium pyridinethione on spore germinatior incubated 
24 hours at 25° C. a-d Helminthosportwm carbonum. a control, 270. b. 0.05 


pe/ml sodium pyridinethione showing vesicle formation at the end of the germ 
tube, * 470. c. 0.1 we/ml, 470. d. 1.0 ue/ml, 215. e, f. Puccinia sorghi 


e. control, 270. £. 0.01 we/ml, 270 
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end of the germ tube; at 0.1 pg ml, the spores were almost completely 
inhibited, as only the very beginning of a germ tube was apparent Phe 
response of Colletotru hum phomoides CS0A is quite dramatic, since a 
little as 0.005 pg ml of pyridinethione was required to im luce retardation 
in germ tube development and complete inhibition of germination © 
curred at 0.05 pg ml 


DISCUSSION 


Sodium pyridinethione was most effective against: 

SOA in the presence of sucrose; total inhibition occurred 
pg ml. Since the spore germination test for this fungus in 

water showed total inhibition to be at 0.05 pg mi, 
hinder the efficiency of sodium pyridinethione. The sugars 1) 
D-glucose and alpha-lactose, on the other hand, apparently had some 
effect on the activity of the compound since 0.32 pg ml was required to 
induce total inhibition. Because the carbohydrates employed, with the 
exception of sucrose, are reducing sugars, It Is conceivable that the tree 
carbonyl groups may have undergone condensation with pyridinethiol, 
which is the tautomere of pyridinethione, to torm a thio hemi-acetal 
Assuming that the tautomeric equilibrium strongly favors pyridinethione, 
only a small portion of the pyridinethiol would be available for thi 
inactivation. If a true substrate-pyridinethiol tie-up exists, there are 


two possible methods that can be employed tor verihication, first, the 


nitroprusside test for free sulfhydryl groups can be performed (5), and 


second, a bioassay involving a pyridinethione im sucrose medium to 
which acetaldehyde is added may be used to see 1 one obtains a reduc 


tion in activity comparable to that when glucose, xylose or lactose Is 


used. The results of these tests as well as additional physiological 


studies involving 2-pyridinethione will be reported at a later date 
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The sodium salt of 2-pyridinethione inhibits Colletotrichum pho 


moides C80A at 0.04 pg/ml in the presence of sucrose whereas 0.32 
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pz/ml is required when three other sugars were used. Progressive 
retardation in the growth curves was noted at increasing concentrations 


of this compound when sub-inhibitory amounts were employed. The 


effect of pyridinethione on the spore germination of 4 fungi is pre 
sented. At sub-inhibitory concentrations, pyridinethione markedly af- 
fects the germ tube development of various fungus spores. 


DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, 
MICHIGAN STATE UNIVERSITY, 
East LANSING, MICHIGAN 
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LIPID SYNTHESIS IN HANSENULA ANOMALA’ 


Tuomas D. Brock 


(with 2 FIGURI 


The yeast Hansenula anomala | Hansen) Sydow is interesting physi 
ologically because of its ability to form relatively large amounts ol ethyl 
acetate. This phenomenon has been studied by Gray (1949), Peel 


(1951). Tabachnik (1950) and Tabachnik and Joslyn (1953). ¢ ther 
aspects of physiology in this veast have not been studied extensively 
The present paper presents data on the formation of water insoluble 


metabolic products from glucose, partie ularly lipids and poly saccharides 


METHODS AND MATERIALS 
The veast used in this work was Hansenula anomala, No, 20 trom 


the culture collection of Dr. W 1). Gray, Ohio State University 


In most of this work, the yeast was cultured in a medium contaming 


0.6% KH,.PO,, and 0.7% Difco Yeast Extract, initial 5.5 


glucose, 
unless otherwise noted. The glucose concentration was varied in certain 
experiments and its concentration will be indicate d at appropriate places 


Iexcept where noted, the yeasts were allowed to grow 1n 1000 mi 


flasks containing 100 ml of medium Preliminary experiments had 
cell yield 


shown these conditions to be good for rapid growth and 


was obtained by transferring cells from an agar slant to a 
this to grow for 24 hr, and then using 


Inoculation 
flask of liquid medium, allowing 
a loopful of this culture to inoculate the media in fla 


4 


culture 


were standing surface cultures at room temperature (24 


Cells were harvested by centritugation at 2000 rpm 
washed into petri dishes and dried to constant weight at 45° ( 


The dried cells were hvdrolyzed for 2 hr in 1 3 hydrochloric acid at 


100° ¢ The hydrolysate was filtered and the residue dried and e» 
tracted with absolute diethyl] ether for 24 hr m a micro Soxhlet extractor 


This extract was evaporated and the re idue weighed to give the amount 
1 Papers from the Department of 
Based on a portion ot % 
University im 


Present addre 


) 
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ells were 
the 
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of lipid in the original cells, The filtrate from the acid hydrolysis was 
neutralized and the amount of reducing sugar present Was determined 


This value gave an estimate of the carbohydrate present in the cells as 
free sugar and as polysaccharide 
Reducing sugar analyses were made by the method of Stiles, Peterson 


and Fred (1926). 


RESULTS 


Effect of glucose concentration The relationships of glucose con 


centration to glucose utilization and lipid synthesis are presented im 


6 10 12 
Days 


Percent glucose utilized at various days incubation at variou 


glucose concentrations 


The efficiency of glucose utilization at various concen 


Foster (1949) has 


pointed out that it is best to compare the data from different sugar 


Fics. 1 and 2. 
trations of glucose has been calculated in I. 


concentrations at the time of complete sugar utilization at each concen 


tration, thus eliminating the effect of secondary autolytic and starvation 


processes. This is not the time of maximum growth or lipid content and 


portion of the sugar utilized is undoubtedly converted into small 


a 
redium 


molecular weight water-soluble substances which appear in the n 


is 
16 
14 
12 
/ 
/ —— ™ 
e / —— 3% 
7 
‘6 13% 
— I7T% 
4 
i 
2 
2 a 6 14 16 18 20 22 
Fic, 1. 


tet 
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and are not utilized until all of the sugar Is gone Phe amount of sugal 


converted into these substances varies with the sugar concentration, but 
if the economic coefficient Is calculated for each sugat concentration at 


the time all sugar has just been utilized, an indication of the amount o! 
sugar utilized which is not converted into cell material (thus mto watet 
<oluble dissimilation products) can be obtained, and comparisons will 


yas used by foster (1949 1s 


he clearer. The economic coetherent 


cell material formed 100 


gy. sugar utilized 


12 ‘4 16 18 20 22 
Oays 
100 ml dry weight) formed at various days incubatiot 


variou glucose concentrations 


In a comparable manner Rippel (1940) has formulated the lipid co 


efficient (1..C.) 
g. lipid formed * 100 
gy. sugal utilized 
These calculations are listed in TABLE | 
There is an approximately direct relationship between initial sugar 


concentration and percent lipad formed This relationship ha heen 


2 
| 
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/ 
/ 
/ 
/ 4 
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noticed by other workers (Foster, 1949; Hesse, 1949; Bernhauer and 
Rauch, 1948). From the E.C. and L.C. it is apparent that synthesis of 
both cell material and lipid (a part of the cell material) was more ef- 
ficient at the low sugar concentrations than at higher sugar concentra- 
tions even though more cell material and lipid are formed at higher 
sugar concentrations. 

Effect of oxygen tension, Various oxygen tensions were obtained by 
dispensing 100-ml portions of medium into flasks of different sizes: 
125 ml, 250 ml, 500 ml and 1000 mil, achieving different surface / volume 
ratios. The effect of oxygen tension on dry weight, lipid content and 
carbohydrate content are listed in TasLe Il. They have been compared 
at the time of complete sugar utilization. In this table carbohydrate 
coefficient (C.C.) is calculated in an analogous manner to E.C. and L.C. 


| 


ATIONSHIP BETWEEN INITIAL St GAR CONCENTRATION AND VARIOUS 
FACTORS INDICATED IN THE TABLI 


Dry weight Lipie Lij 


me 100 mil coefhoient 


Values listed are for 


* Data compared at time of complete glucose utilization 
100 ml medium. Initial pH, 5.5 


Tance IL shows that there was a critical aeration level (surface /vol 
ume = 1/1.64) above or below which the efficiency of conversion of 
glucose to cell material fell off. Maximum dry weight, highest -.C., 
L..C. and C.C. were all obtained at this level of aeration While the 
efficiency of conversion was the highest, it was not necessarily true that 
the total amount of lipid and carbohydrate per unit dry weight was also 
In fact, the highest lipid content was obtained at the high 


the highest 
88) and the highest car 


est degree of aeration (surface / volume 
bohydrate content was obtained at the lowest degree of aeration (sur 
face volume = 1/5.5). 

Effect of pH. The effect of initial pH on various factors is listed in 


Tance Ill. Again data are compared at the time of complete sugar 


utilization in each case. Maximum efficiency of glucose utilization 
(E.C.) oceurred at pH 6.4. Alse at this pH, L.C. and C.C. were the 


highest. There was an inverse relationship between lipid content and 


(,luco 
concentration 
$59 18 8.1 3.8 
30) 608 22.2 11.6 2.5 
711 10.7 12.9 1.4 
870 64 12.4 1.0 
7% 1070 6.3 15.8 1.0 
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RELATIONSHIP BETWEEN SURFACE /VOLUME RATIO OF CULTUR 
VARIOUS FACTORS INDICATED IN tHE TABLI 


PABLI 


AND 


5 10.5 

184 7.0 99 0.7 8 
6 742 10.9 10.0 1.6 »? +6 
11.9 


* All values for 100 ml of medium Initial glucose concentration, 7 
Data compared at the time of complete sugar utilization 


carbohydrate content, lipid being highest and carbohydrate lowest at 
pH 6.4. Conversely, at pH 5.05 carbohydrate was the highest and 
lipid the lowest 


SSION 


piIsct 


The major water-soluble products formed by H. anomala have been 
identified by Gray (1949), Peel ( 1951). Tabachnik (1953) and Hughe 
(1952). They are ethanol, ethyl acetate, acetic a id, acetaldehyde and 
an unidentified non-volatile acid. The relative amount formed of these 


products vary with the conditions of growth: pH, aeration, nitrogen 


source and others. In growing cultures there are a large number ot 


various oxidative and synthetic reactions competing for the supplied 


carbohydrate, and small changes in environme ntal conditions sometimes 


have a rather large effect in determining which of the various competing 
reactions will predominate 
The present work has considered the formation of cell mate rial, lipid, 


and carbohydrate from glucose. 1 he utilization of glucose for the syn 


Il 


RELATIONSHIP BETWEEN INITIAL PH OF MEDIUM AND VARIO! 
FACTORS INDICATED IN THE TABLE * 


14.2 


».35 

5.78 698 10.5 10.4 1.09 7.7 
5.05 45 6134 9) 96 mm 
} 10.6 5 ) ) ‘0 


*Data are for 100 ml of medium I 
mpared at the time of complete sugar utilizatios 


5 
|! 
* 
Surface area Dry weight nercent Li t 
weir ie i” ‘ a 
lume ratio mg 100 mi coefhcient dry weight ‘ weight = 
1 = 
1/1 
1/0)! 
Initial 
{ pl 
ihe, 
at 
i 
Initia Fina Dry ercent orcent 
iH pH mg/ 100 weight 
we Dat 
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thesis of these products was more efficient at low glucose concentrations 
than at higher concentrations. It is probable that at low concentrations 
all of the glucose was used in growth and assimilation processes, but at 
higher concentrations these pathways are saturated and the glucose 
could be shunted off into other pathways, such as ethyl acetate synthesis. 


Although no assays were made, the odor of ethyl acetate was hardly 


present at 1 and 3 percent glucose, but persisted strongly at 13 and 17 


percent glucose. 

The fact that there was a critical aeration level, above and below 
which the efficiency of glucose utilization (as measured by the E.C., 
LC. and C.C.) fell off, is interesting in view of the data by Gray (1949) 
and Tabachnik (1953) on the effect of aeration on ester synthesis, which 
seems to follow this same pattern, An increasing lipid content with 
increasing aeration is typical and has been noticed in other organisms 
(Prescott and Dunn, 1949; Hesse, 1949), and is an indication of the 
higher energy requirements necessary to synthesize lipid than carbo- 
hydrate. 

There was greater and more efficient lipid synthesis at the higher pH, 
a fact already known for other organisms (Foster, 1949; Smedley-Mac- 
lean and Hoffert, 1923). 

Lipid and carbohydrate content seem to be inversely related, since 
when lipid goes up, carbohydrate goes down, and vice versa. A similar 
relationship has been noticed in Escherichia coli by Dagley (1953). 
This may indicate a conversion of carbohydrate to lipid or lipid to carbo- 
hydrate, as noticed for Saccharomyces by Smedley-Maclean and Hoffert 
(1923). It may be that at a low pH lipid synthesis is inhibited and the 
glucose assimilated is preferentially converted to carbohydrate, while at 
a higher pH lipid synthesis is favored and more of the glucose is used 
here, reducing the amount available for carbohydrate synthesis. Like- 
wise, under conditions of sufficient oxygen, enough energy is available 
to convert glucose to lipid, while under reduced oxygen, this glucose is 
available for carbohydrate synthesis. 

Although in the present work the E.C., L.C. and C.C. seem low, 
it must be considered that these have been calculated at the time when 
glucose had just disappeared from the medium. At later times the 
.C., L.C. and C.C. were higher, but this does not represent direct con- 
version to cell material but synthesis from other metabolic products 
derived from glucose. In the ultimate, if no self-inhibitors are formed, 
all of the glucose should eventually end up as either cell material or 


carbon dioxide. 


i 


Brock: Lipip SYNTHESIS 


SUMMARY 


Sydow syn 


1. Growing cultures ot Hansenula anomala (Hansen ) 


thesized lipid from glucose and the amount of lipid synthe sized per unit 


dry weight varied with the environmental conditions, such as glucose 


concentration, aeration and pH. 
2. The higher the glucose concentration, the more lipid synthesized 


3 There was a critical oxygen tension above and below which the 


efficiency of cell material, lipid and carbohydrate synthesis decreased, 
although the actual percentage of lipid formed was higher at the highest 
oxygen tension and of carbohydrate at the lowest oxygen tension 

4. A pH of 6.35 was the most favorable for cell material synthesis 
for carbohydrate synthesis 


and lipid synthesis and the least favorable 
least 


A pH of 5 was most favorable for carbohydrate synthesis and 
favorable for cell and lipid synthesis 
5. It is evident from the above that the amounts o! carbohydrate and 


lipid in the cells were inversely related and indicate a competition be 
tween carbohydrate and lipid synthesizing mechanisms which are influ 


enced by environmental conditions 
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SPORE GERMINATION IN SORDARIA 
FIMICOLA 


Epwarp E. Butier* 


Recently Olive (4) demonstrated that cross-karyogamy and segre 


gation occur in the homothallic ascomycete Sordaria fimicola Ces and 


de Not. These findings will no doubt stimulate genetic studies of this 
fungus. Some investigators, however, have failed to obtain good get 
mination of the ascospores. 

Greis (3) germinated the spores on a medium composed of beer 
wort and horse dung decoctions. He isolated the spores trom each of 
14 asci; only from two asci did he obtain a complement of eight viable 
spores. In an apparently unsuccessful attempt to mcrease spore ger 
mination he modified the nutrition and pH value of the medium. He 
then concluded that the pH value of the medium was of little importance 
to germination. Spores would not germinate on media lacking horse 
dung extract. 

In 1954 Bretzloff (1) initially experienced diffieulty in germinating 
the ascospores, but later increased germination from 5-10 percent to 
68-70 percent by replacing the sugar in the medium of Westergaard 
and Mitchell (5) with 0.5 percent potassium or sodium acetate. He 
used a liquid medium at pH 6.0. 

Poor germination was also encountered by the writer, Spores from 
a culture selected for use in studies with alpha radiation ge rminated ap 
proximately 25 percent on horse dung decoction agar, and less than one 
percent on Czapek’s agar. Ultimately nearly 100 percent germination 
was obtained in 13 strains on potato-dextrose agar (PDA) and meat 
extract-tryptose-glucose agar adjusted to the pH range $.5-5.0. This 
result was duplicated many times, over a period of five years. The 
pH value of the medium was critical for maximum germination, For 
example, spores from two strains, S—/ and B-1, germinated 96 percent 
on PDA at pH 5.0, and 1.5 and zero percent respectively at pH 7.0 


1 Paper No. 3397 Scientific Journal Series, Minnesota Agricultural Experi- 
ment Station, St. Paul 1, Minnesota Investigation supported, in part, by grant 
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The present paper elaborates briefly on the importance of hydrogen- 
ion concentration to spore germination in Sordaria fumicola. Data are 
also presented on the effectiveness of sodium acetate in stimulating 
germination. 


MATERIALS AND METHODS 


Cultures S—/, B-1, and S—S were isolated from soybean stem (G/y 
cine max Merr.), aspen bark (Populus tremuloides Michx.) and straw- 
berry (/ragaria spp.) respectively. Isolate 12287 was received trom 
Dr. R. F. Cain and 976 was provided by Dr. H. L. Barnett. The latter 
culture was also employed by Bretzloff (1). 

Ascospores were produced on tube slants of cornmeal-glucose-yeast 
extract agar. Cultures were grown for 14 days in diffuse daylight at 
25-28" C. Spores were removed from the surface of the tube with 


TABLE I 


PERCENTAGE GERMINATION OF ASCOSPORES OF SORDARIA FIMICOLA ON 
MEAT EXTRACT-TRYPTOSE-GLUCOSE AGAR AT DIFFERENT PH VALUES 


4.5 


69 
83 
95 
99 
93 


[ = less than one percent 


sterile distilled water. Aqueous suspensions were pipetted onto agar 
in Petri dishes. 

The following two agar media were used for spore germination trials 
(in grams/liter): (1) Meat extract 3.0, glucose 10.0, Difco tryptose 
10.0, and (2) an inorganic medium containing NH4gNO,, 0.5; KNO,, 
0.5; KH,PO,, 1.0; MgSO,4-12H,O, 0.5; biotin 15 pg; with the addition 
of either glucose, 5.0, or sodium acetate 5.0. The hydrogen-ion concen- 
tration was adjusted with M/5 HCl and M/5 NaOH after autoclaving. 


Spore germination percentages are based on two replicates of approxi 
mately 100 spores each, counted after 10 hours at 28° C. 


RESULTS 


The percentages of spores germinating on meat extract-tryptose 
glucose agar are summarized in Taste I. Maximum germination oc 


pH 
Isolate 
10 5.5 60 6.5 70 7.5 
S-1 15 70 50 27 I 0 0 
BI 17 76 55 17 0 0 0 
12287 69 97 89 74 11 2 0 
S 100 100 8S 6% 3 2 
976 62 96 RS 91 91 64 63 
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15.0. In the neutral or alkaline range, 


curred at pH values of 4.5 anc 
tt for line 976, germination was sharply reduced to 
adjusted with 


exce] one or two 
percent. In practice the reaction of the medium may be 


either hydrochloric or lactic acid. Acetic acid retarded germination 


The effect of hydrogen-ion concentration on germination Was also 


evident on the inorganic-glucose medium (Tasie Il). Spores of tso 


lates S-& and 976 germinated well at pH 4.5, while at neutrality get 
mination was nearly absent. 


Germination was greatly increased if glucose in the synthetic medium 


was replaced by sodium acetate (Tapie Il). These results tend to 


support the findings of Bretzloff (1). 


PERCENTAGE GERMINATION OF ASCOSPORES OF SORDARIA FIMICOLA ON 
, SYNTHETIC MEDIUM AT PH 4.5 AND 7.0 WITH GLUCOSE OR 
SODIUM ACETATE AS A CARBON SOURCI 


PABLI 


S-1 1.0 I 41 73 
20 | 50 
12287 2.0 I 45 09 
S-8 56 0 NR? NE 
97¢ 93 13 | &7 


! Results based on an average of two experiments 
27 = less than one percent 
INR = not recorded 


DISCUSSION AND SUMM ARY 


It is not surprising that spores of S. fimicola germinate well im an 


acid environment, since Gottleib (2) in a recent review on Tungus spore 


germination states, “As a group the fungi tend to be a idophilic with 


an optimum pH in the acid range, and only rarely is germination favored 


by an alkaline reaction es 
Nutrition influenced the relation of spore germination to the pli 
value of the medium. Thus maximum germination was obtained on 


meat extract-tryptose-glucose medium in the relatively narrow pil 


range of 4.5-5.0 
Although sodium acetate stimulated germination on both acid and 


neutral substrates, germination was somewhat lower on the acid medium 


I] )} Was no doubt due to the 


This suppression of germination (TaABLt 
Sodium acetate 1s not a require 


toxic effects of acetic acid at pH 4 5 


ka 
* 
pH 
Isolate 
0 
Pit 
| 
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ment for germination as similar results may be obtained on acid media 
lacking appreciable quantities of the acetate-ion. 
The conclusion of Greis (3) that hydrogen-ion concentration is not 


important to germination is at variance with the results obtained by the 


writer. This can perhaps be explained by the existence of physiological 
races of S. fimicola (TaBLe 1). Spore germination in isolate 976, for 
example, was relatively insensitive to differences in pH of the substrate 


on a complex organic medium. 
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SEXUAL VERSUS ASEXUAL REPRODUCTION 
IN GLOMERELLA 


H. E. WHEELER 


(witH 1 FIGURE) 


The species, Glomerella cingulata (Stonem.) S. & v. S., includes 
a large number of pathogenic forms that attack plants of many different 
types. Isolates of this fungus maintained for a period of time im arti 
ficial culture give rise to numerous mutants and these have been used 
for extensive studies of the nature of inheritance and varialnlity in this 
species, Isolates obtained directly from nature, however, fall im one 


of three culture types. Ascigerous cultures from hosts such as apple, 


grape and pepper usually produce both fertile perithecia and conidia in 


the same culture whereas those from wild /pomoea, kudzu, and okra 
\ 


produce fertile perithecia in abundance but few or no conidia Yon 
ascigerous cultures, which produce conidia only, are obtained occasion 
ally from all tiosts, sometimes from the same lesions that yield cultures 
of one of the other two types. These conidial cultures are typical ot 
the imperfect genera Gleoesporium and Colletotrichum and have been 
assigned to the genus Glomerella on the basis of their pathogenicity and 
because they have been obtained in some instances from Glomerella 
ascospores, 

\scigerous cultures of Glomerella sometimes give rise to variants 
that produce only conidia and that are indistinguishable from the conid 
ial forms obtained from nature. One such variant was obtained by 
Chilton et al. (1) from a single ascospore produced by an tsolate trom 
wild /pomoea. On oatmeal, bean, or potato-dextrose agar the original 
isolate produced fertile perithecia but no conidia whereas the variant 
produced only large masses of conidia 

The progeny of crosses between the original perithecial form and 
the conidial variant were of the two parental types only; in no case wa 
a culture obtained from such crosses that produced both perithecia and 
conidia In an attempt to clarify this situation, conidia from several 
hosts were isolated from lesions containing both conidia and ascospores 
Since all of these gave rise to nonconidial, perithecial forms the authors 
suggested that such forms might be capable of producing conidia 1 


grown on the proper substratum 
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Further genetic studies indicated that the conidial variant had arisen 


from the original perithecial culture as a result of a single gene change 
at a locus designated A (5). In the course of these studies, which in- 
volved numerous crosses between conidial and perithecial cultures, it 
was noted that no conidia were produced by the conidial culture in a 
zone 3-5 mm wide adjacent to the ridge of perithecia formed between 
the mated cultures (Fic. 1). These observations, together with the 
fact that mutations usually involve a loss rather than the acquisition of 
a character or function, suggested that perithecial cultures possessed the 
genetic factors necessary for conidial production but the elaboration of 
some growth product prevented the expression of this character. The 


hic. 1, Ridge of perithecia formed by mating perithecial (above) and conidial 
(below) cultures of Glomerella. Note the absence of conidia on the conidial 


culture in the area adjacent to the perithecial ridge, * 3 


experiments reported herein were undertaken with two objectives in 
mind: (1) to develop a medium upon which the original perithecial cul 
ture from /pomoea would produce conidia and (2) to determine whether 
filtrates from this perithecial culture contained a substance capable of 


inhibiting the development of conidia. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Several different perithecial and conidial cultures, all of which were 
derived from a single isolate from wild /pomoea, were studied. Since 
all cultures of each type behaved in a similar fashion, only the results 
obtained with a clumped-perithecial (wild-type) culture and a clumped 


conidial mutant obtained from it will be discussed. These cultures, 


e 
e 
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heen described in detail elsewhere (5), will be referred to 
Genetically the two cultures differ 


which have 


simply as perithecial and conidial. 
by a single gene pair ; A‘, A’ (5§). 

Unless otherwise specified, media were prepared according to for 
mulae given by Riker and Riker (4). Cold sterilization of media and 
culture filtrates was carried out with ultra-fine (bacteriological grade ) 
sintered glass filters. In tests designed to determine the effects of vari- 
ous media upon the production of perithecia and 
were examined at five-day intervals with the final readings being taken 


conidia, the cultures 


after 30 days. 

Tests of a wide variety of media, including sterilized potato plugs, 
bean pods, carrot slices, pea straw, oatmeal agar, potato agar with and 
without 20 g dextrose, lima bean agar, malt agar, cornmeal agar, nutrient 
agar, and several modifications of Czapek’s, Fries’, and Richards’ syn 
thetic media, revealed that on nutrient agar the perithecial culture pro 
duced a limited number of conidia. These tests also showed that 
oatmeal agar was far superior to any other medium tested for the 
production of perithecia by the perithecial culture and also for the pro 
duction of conidia by the conidial culture Nutrient agar, the only 
medium upon which the perithecial culture produced conidia, was the 
poorest nonsyntheti medium tested for the production of conidia by the 
conidial culture \lthough the perithecial culture produced both conidia 
and perithes ia on nutrient agar, less than 10 percent of the latter were 
fertile. Agar containing only peptone ot beef extract, the two com 
ponents of nutrient agar, also stimulated conidial production by per 
thecial cultures but to a lesser degree than a combination of the two 
The factor or factors in nutrient agar responsible for the production ol 
conidia by the perithecial culture could not be replaced by any ot the 
many combinations of amino acids, vitamins, yeast extract, yeast mur lex 


acid, and casein hydrolysate which were tried 


X<PERIMENTS WITH CULTURI FILTRATES 


Perithecial and conidial cultures were grown tor a jx riod of 10 days 
in 500 ml Erlenmeyer flasks, each of which contained 50 ml of nutrient 
broth. The media upon which these cultures had grown were then 
sterilized by filtration, warmed to 45° ¢ and mixed with enough molten 


5 percent water agar to make media containing 1.5 percent agar. Vern 


thecial and conidial cultures were grown In Petri dishes on media con 


taining each type of culture filtrate and on untreated nutrient agar which 


served as a check After 10 days of growth the colonies were mea ured, 


uniform samples were taken from each culture, the conidia suspended 


%, 
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in water, counted with a Levy cell counting chamber, and the number 
of conidia per square mm of culture surface calculated. All tests were 
run in triplicate and the entire experiment was performed three times. 
The results of the three experiments were in general agreement and are 
summarized in I. 

The fact that conidial production was reduced more than 90 percent 
in cultures grown on filtrates from perithecial cultures (Taste 1) fur- 
nished strong support for the hypothesis that perithecial cultures fail 


to produce conidia on most media because of the elaboration of some 


substance which inhibits their development. The possibility that re- 
duced conidial production on media containing filtrates from perithecial 
cultures resulted from exhaustion of nutrients seemed unlikely in view 
of the increased production of conidia on media containing filtrates from 
conidial cultures. The data in Tasrie [ also show that on all media 


containing culture filtrates, growth of both types of cultures was re 


TABLE I 


EPFECT OF CULTURE FILTRATES ON CONIDIAL PRODUCTION IN Glomerella 


Culture Source of Colony No. of conidia Percent 
tested filtrate diameter per sq. mm of check 


Perithecial Perithecial 46 mm 1 
Perithecial Conidial 17 mm 701 203 
Perithecial None-check 62mm | $42 100 


Conidial Perithecial 16mm | 378 6 
Conidial Conidial 45 mm 7735 122 


Conidial None-check 64 mm 6340 100 


tarded. This retardation apparently was not the result of lack of 
nutrients since the addition of various carbon sources, nitrogenous mate- 
rials and vitamins did not cause an increase in growth rate on these 
media. Growth was also retarded on media containing culture filtrates 
sterilized by heat rather than filtration but no effects on conidial pro- 
duction could be detected when heat-sterilized filtrates were used. A 
further effect, not shown by the data in Taste I, was a marked retarda- 
tion of perithecial formation on media containing filtrates from the 
conidial culture. On such media, the perithecial culture produced peri- 
thecial fundaments only after 12 to 15 days whereas on media containing 
filtrates from perithecial cultures or on nutrient agar, these structures 


appeared after 3 to 5 days. 


DISCUSSION AND SUMMARY 


With regard to gene action in relation to sexual and asexual repro- 
duction in this fungus, it is apparent that the wild-type gene A’, carried 


| 
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by perithecial cultures, controls the production of perithecia since these 
structures are never produced by isolated conidial cultures which carry 
the mutant allele 4'. The fact that in matings of 4° (perithecial) and 
A* (conidial) cultures, some perithecia are formed that yield A' cul 
tures only (5) together with the fact that perithecial fundaments have 
been observed to arise on A‘ mycelium (3) suggests that the 4° allele 
controls the synthesis of some substance which stimulates perithecial 
formation. Since conidial production is suppressed, both in matings ot 
A’ and cultures 1) and by filtrates from cultures (TABLE I), 
this same substance or another produced under the control of 4° inhibits 
the formation of conidia. The stimulation of conidial production by 
filtrates from A' cultures may be the result of a specihc substance con 

trolled by this gene or a nonspecific, nutritive effect similar to that 
shown with extracts of spores and mycelium of Colletotrichum lind 

muthianum (2). 

Retardation of perithecial formation by filtrates from conidial cul 
tures presents a paradox in view of the stimulation of perithecial forma 
tion which occurs when conidial and perithecial cultures are mated (Fic 
1). Another paradoxical situation arises from the fact that nutrient 
agar, the only medium upon which perithecial cultures produced conidia, 
was a poor medium for conidial production by conidial cultures. This 
might be explained, however, by the evidence obtained with culture 
filtrates which showed that perithecial cultures produce a substance that 
inhibits conidial formation. Since nutrient agar was relatively unfavor 


able for perithecial production, it might be assumed that this substance 


is not produced in sufficient quantity to suppress completely conidial 


formation on this medium 
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STUDIES ON TRICHOPHYTON TONSURANS. 
II. MORPHOLOGY AND LABORATORY 
IDENTIFICATION ' 


Lucire K. Grore 


(with 10 FIGURES) 


In Part I of this paper (3), the history and taxonomy of Tricho 


phyton tonsurans were presented. Morphological and physiological 
studies presented in an earlier paper (8) indicated that at least 31 named 


“species” are synonymous with the fungus for which the name 7. ton 
surans has been retained because of priority 

Since 7. tonsurans has been recognized as an important disease 
agent in the United States and other parts of the world, it was felt that 
a study of the morphology of this fungus should be made, as well as a 
review of all other factors important in the laboratory diagnosis of 
7. tonsurans infections. 

\. The morphology of T. tonsurans in clinical materials; In sealp 
infections or lesions of the bearded areas of the face and neck, the organ 
ism is found almost exclusively within the hairs, with mycelium and 
chains of spores (arthrospores) lying inside of the hair and parallel with 
its length. This type of hair invasion is called endothrix parasitism 

The arthrospores found in the hairs are quite large, measuring from 
$ to 7.5 in diameter. They are usually numerous and the interior 
of the hair filament may be so packed with them that it increases in 
diameter because of their pressure. Such hairs appear darker than 
uninfected hairs and are extremely fragile. They tend to break off 
close to the scalp, leaving smooth bald areas with dark stumps embedded 
in the superficial scales of the skin. This gives the area a speckled 
“black dot” appearance which is characteristic of endothrix-type ring 
worm. A low-power microscopic examination of scrapings from such 
areas reveals dark, usually twisted, hair stumps embedded in the skin 
These often assume comma, s, or even pretzel-shaped forms (Fic. 1A) 

Hairs at an early stage of invasion are, unfortunately, not quite as 
characteristic in appearance. In these, mycelial filaments and chains 


'From the Communicable Disease Center, Public Health Service, United 


States Department of Health, Education, and Welfare, Chamblee, Georgia 
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of spores are not only found within the hair, but on the outside as well. 


This is because the fungus first gains access to the hair by growing down 
the hair follicle. In the follicle, the mycelium proliferates and has a 
tendency to break up into arthrospores before penetrating the hair. The 
fungus probably invades the hair at about mid-point of its intrafollicular 
portion where the hair is completely keratinized (composed of non-viable 
keratin). The mycelium in the hair grows downward toward the area 
of rapidly dividing cells (the keratogenous zone of nucleated cells), but 
does not penetrate the viable tissue. The manner of fungus invasion of 
the hair in vivo has been carefully studied and described by Kligman 
(4) for Microsporum audouini and M. canis, and appears to be similar 
in all dermatophyte infections. As the hair grows upward, the mycelium 
in its interior is carried with it. At first the interior of the hair will 
show only a few strands of branching mycelium and a few chains of 
spores running parallel with the long axis. In this early stage, my- 
celium and chains of spores may still be present on the outside of the 
hair as well. Such hairs are not as fragile as those which have become 
filled with fungus growth. Instead of breaking off flush with the scalp, 
they tend to fracture about 3 or 4 mm above the skin, leaving long hair 
stumps not unlike those seen in ectothrix types of infection. This early 
stage of hair invasion has apparently caused considerable confusion in 
the past. Sabouraud (6) described it as ‘“neo-endothrix” in contrast 
to the “pure endothrix” type of hair invasion. The fact that he found 
this “neo-endothrix” hair invasion associated with certain morphological 
variants influenced his creation of several dermatophyte species. How- 
ever, as was pointed out in Part I of this paper, this type of hair invasion, 
which simply represents an early stage, may be found associated with any 
of the morphological variants. It is probably most common in those 
strains which are slow in their penetration of the hair and their growth 
inside it. It is characteristic of endothrix infections, however, that once 
the fungus has become firmly established inside the hair, the external 
mycelium and spore chains disappear. At this stage, endothrix hair 
invasion may be clearly distinguished from the ectothrix type. Fic. 1B 
shows a typical endothrix hair. 

Because of the difference in the appearance of the hair at various 
stages of invasion, it is important to examine a number of hairs from 
several areas of the lesion in each patient in order to determine the true 
nature of the hair invasion. A magnifying head-loop is of great value 
in obtaining hair specimens. Protruding hair stumps may be removed 
with a fine epilating forceps while embedded hairs may be pried out with 
the point of a scalpel or scraped out with the edge of a glass slide. In 
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cases of minimal infection, hair stumps must be diligently sought, as they 
may be few in number and scattered among the normal hairs. Hairs 


and skin scrapings from the affected areas may be collected in small 


Petri dishes or in paper envelopes for transportation to the laboratory. 
For examination, a few hair stumps and skin scrapings should be placed 
on a glass slide in a drop of 10 percent potassium hydroxide and covered 
with a cover slip. The slide is then gently warmed or allowed to stand 
10 or 15 minutes until the tissues have cleared. In order to observe the 
true position of the fungus in the hair, the outer walls of the hair should 
not be damaged. Therefore, care should be taken not to crush the 
preparation, or to apply excess heat during the clearing process The 
fungus mycelium and chains or large spores within the hair as described 
above are suggestive of endothrix hair invasion. Skin scrapings may 
show the characteristic comma, u, or s-shaped hairs trapped within their 
layers. In these, the position of the spores inside the hair is usually easy 
to observe, as the cells of the skin prevent the hair from rupturing. 

In lesions of the glabrous skin or of the nails, scraping should be 
made from the active areas of the infection, that is, from the advancing 
border of a spreading skin lesion, or the edge of the nail bed. Potassium 
hydroxide mounts may reveal the presence of septate, branching my 
celium and chains of arthrospores. The presence of such structures is 
evidence of fungus infection, but gives no clue as to the dermatophyte 
species involved. 

B. The morphology of T. tonsurans in culture; Only by culturing 
infected hairs, skin, or nail scrapings can the identity of the etiologic 
agent be determined. 7. tonsurans grows readily on Sabouraud dex- 
trose agar at room temperature, its optimum growth rate occurring 
between 25 to 35° C. The addition of antibiotics such as penicillin, 
streptomycin, and cycloheximide (Acti-dione) may aid in its selective 
isolation from clinical materials heavily contaminated with bacteria and 
saprophytic fungi (2). Growth may appear around the inoculum by 
the third to fifth day, and the fungus may be identified by the tenth to 
fourteenth day on the basis of both its macroscopic and microscopic 
characteristics. 

Of all the dermatophyte species, 7. tonsurans, perhaps, exhibits the 
greatest amount of variation both in colonial characteristics and in micro- 
scopic morphology ; and, as has been true of other organisms of varied 
morphology, it has been described under a wide number of names, In 
general, the names given describe the gross characteristics of the fungus 
colonies. 7. crateriforme describes a colony which has a tendency to 


form a deep crater at its center, 7. cerebriforme describes one whose 
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convoluted appearance resembles the surface of the brain, 7. sul/furum 
suggests a colony with a sulfur-yellow pigment. All of the cultures, 
however, have a number of characteristics in common, and as pointed 
out in the section on taxonomy (3), they are best considered as morpho 
logical variants of a single species. An attempt will be made here to 


Fic. 2. Colonial variants of 7. tonsurans on Sabouraud dextrose agar. 


Variety cerebriforme. B. Variety crateriforme. C. Variety  sulfureum 


Variety acuminatum, 


discuss in detail those characteristics common to all these forms in 
order to aid in the laboratory identification of 7. tonsurans. 
(1) Gross morphology—the colony: Colonies of T. tonsurans de- 


velop fairly rapidly on the usual isolation media such as Sabouraud 


dextrose agar. The first growth appears about the inoculum in 3 to 5 
days as a small white, hairy prominence similar to a small powder puff. 


The colony develops radially and soon appears as a smooth, white to 
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cream-colored velvety disc with a diameter of 6 to 10 mm by the Sth 
to 10th day. Att first it 1s flat or slightly convex, but after the 10th day 
it begins to form definite folds at the center This folding takes nu 
merous forms. It may consist simply of heaping of the growth at the 
center of the colony to form a small mound; or it may create a depres 
sion like a dimple or a small crater Soon the rest of the colony tends 
to heap, forming a secondary moat or wall around the central mound 
or depression. Other colonies form radiate instead of concentri folds. 
These may extend to the center of the colony, or may be confined to the 
outer, flatter part of the colony as the spokes of a wheel with radiate folds 
of varying depth. In still other colonies there ts apparently a tendency 
to both radiate and concentric folding which results in cerebriform, OF 


irregularly folded, surfaces. Folding of the colony is the most striking 


Fic. 3. A. Folded colonies of T. mentagrophytes. B. 7 rubrum, which grossly 


resembles 7. fonsurans 


feature of T. tonsurans, FIG 2 shows several examples of folded 
colonies. It should be pointed out, however, that this feature may be 
missing or minimal in some isolates, and that other dermatophyte spe 
cies such as T. mentagrophytes and T. rubrum may also show folded 
colonies (Fic. 3). 

The edge of the colony 1s usually regular and smooth, but sometimes 


may be scalloped or show an irregularly fringed, partially submerged 


growth 

As mentioned above, the surface of the young colony has a velvet 
like texture, being covered with a fine, short, aerial mycelium As the 
colony ages, however, it tends to become powdery, espe ially at its 


borders. Old colomes in general have powdery surfaces 
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Surface pigments are delicate in the young colony but gradually 
deepen. They are most commonly tan to slightly yellow or pink. A 
fe tains become tan to deep brown, bright sulfur-yellow, or deep rose 
to purple in color. Pigments on the reverse of the colonies are usually 
not striking, varying from cream to tan to deep mahogany. A few 
strains, however, may produce a vivid red pigment on the reverse not 
unlike the deep red produced by 7. rubrum. 

As the colonies become old, they all tend to become tan to brown. 
Their powdery surfaces may flake or crack, particularly at the summits 
of their folds. 

In general the cultures are affected only slowly by pleomorphism ; 
however, this varies considerably in the strains. The pleomorphic cul- 
tures are similar to the pleomorphic forms of other dermatophytes and 
are morphologically indistinguishable from them. They develop as flat 
colonies covered with an even white, fluffy growth. 

Although the gross colony characteristics of this fungus fall into a 
fairly definite pattern, the wide range of variation makes identification 
by gross inspection of the colony quite hazardous. Moreover, there are 
other dermatophyte species which may show a number of these colony 
characteristics. 

(2) Microscopic morphology: A study of the microscopic morphol- 
ogy is the most practical and accurate method for the identification of 
T. tonsurans. This procedure, however, sometimes presents a difficult 
problem. First, there is no distinctive spore-form, spore-arrangement, 
or mycelial structure which is in itself diagnostic of this species; and 
second, there is considerable variation in the microscopic morphology 
among isolates, and even within a single strain at different periods of 
its growth. There are, however, a group of characteristics which, 
coupled with the gross morphology of the colony, make it possible to 
identify the species on the basis of microscopic morphology. 

(a) Morphology of the young culture (5-14 days old); As early as 
the fifth day, teased mounts made from the velvety surface of the culture 
may show the presence of microconidia. These are usually not well 
developed, however, until the 7th to 8th day. The microconidia in such 
young cultures are small, delicate, pyriform, hyaline, one-celled, smooth- 
walled structures. They have a tendency to be thin and elongate in 
contrast to the microconidia of other dermatophyte species, being ap- 
proximately 3 to 6m long by 1.5 to 2p wide, They are usually ar- 
ranged in simple fashion along the sides of the aerial mycelium (en 
thyrse), either attached directly by their rather wide truncate bases or 
on simple short conidiophores (Fic. 4A). Some terminal clusters (en 
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grappe) of microconidia may be found. Here, short side branches at 
right angles to the terminal portion of the aerial mycelium bear numerous 


spores so that a cluster of spores is formed (Fic. 4B). It is observed 


that these terminal branches are usually only thinly covered with spores 
as compared with the densely covered terminal clusters seen in T. menta- 
grophytes and granular strains of T. rubrum. Examination with the 
high power of the microscope will reveal that there is considerable varia- 
tion in size and shape of the conidia. It will be noted also that the micro- 
conidia tend to remain attached to the mycelium, and it is quite charac- 
teristic that a large percentage of the protoplasm has been extruded into 
these spores. This is shown by the fact that the conidia stain darkly 
while the mycelium is lightly stained. These two latter characteristics 
are not as commonly observed in other dermatophyte species. 

Macroconidia are not usually found in a young culture although in 
a number of cases a few have been observed by the &th to 10th day of 
growth. These structures will be described below under morphology of 
the old culture. 

In general, the mycelium of the young culture is thin and fairly regu- 
lar in diameter. A number of chlamydospores, however, develop in the 
mycelium which makes up the submerged growth at the edge of the 
colony. 

(b) Morphology of the old culture (15-21 days): Microconidia 
become more numerous with age, giving the surface of the colony a 
powdery appearance, It will be seen, however, that the microconidia 
in general are larger and more irregular in shape than in young cul- 
tures. Some have become elongated and have the appearance of short 
side branches. A number have become septate and seem to be budding. 
Others have become swollen at their tips and are club-shaped. Still 
others have become large and spherical (Fic. 5A). Camera lucida 
drawings (Fic. 6) show the differences between microconidia of a 
young and old culture. 

In the older culture it is observed also, that the mycelium is no longer 
thin and uniform in diameter, but tends to be thick and irregular in 
width and frequently presents irregular swellings along its length as 
well as at the ends of the mycelial strands. Chlamydospores are numer- 
ous in the old culture. They appear anywhere along the length of the 
mycelium and at its terminations. They show a definite double wall and 
are frequently large and irregular in shape. 

Macroconidia are rare and are not found in all cultures. They ap 
pear to be most numerous from the 14th to 2lst day of growth on 
Sabouraud dextrose agar. An occasional strain may produce them in 
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Microconidia of Trichophyton tonsurans 
(6 - 8 days) 


Microconidia of Trichophyton tonsurans 
(18 - 21 days) 


10 microns 


Fic. 6. Microconidia of 7. tonsurans in young and old cultures (camera lucida ) 


large numbers on this medium. Experience in the Mycology Labora 
Disease Center indicates that Wort agar 


tory of the Communicable 
(Difco dehydrated medium prepared at pH 6.8 to 7.07) is most satis 
factory for producing these structures. Hanging drop cultures of Wort 
broth are also satisfactory. These 2 media are also useful for inducing 


2 Difeo dehydrated Wort agar ts adjusted to pH 4.8. It ts necessary to ratse 


the pH to 6.8 to 7.0 in order to obtain a firm medium 
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macroconidia in other Trichophyton species, particularly 7. menta 
grophytes. 

The macroconidia of 7. tonsurans are thin-walled, mutti-cellular 
structures. In general, they are highly irregular in shape and tend to 
he abortive. They show a wide range mm size and form, which makes 
it difficult to characterize them Fic. 5B shows a group ol fairly char 


acteristi forms. Most of the spores studied averaged 28 . 10 p, and 


were composed of 3—4 cells The largest macroconidia measured in this 


study were 80 * 12p, with 9 cells: the smallest were 20 > tp, with 3 


cells. Shapes ranged from clavate, which was most common, to 


Fic. 7. Macroconidia of T. tonsurans selected trom < 
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sausage-shaped or highly irregular forms. Camera lucida drawings 
(1G. 7) show the range in variation in macroconidia seen in 20 strains 
of T. tonsurans. Fic. 8 shows the range in variation within a single 
strain. 

Although most of the strains studied produced macroconidia in small 
numbers on the Wort media, they were numerous, almost to the exclu- 
sion of microcondia, in a few cultures grown in Wort broth hanging 
drops. Fic. 9A shows numerous macroconidia from a Wort broth 


hanging drop preparation, 
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10 microns 


Fic. 8. Macroconidia of 7. tonsurans, strain No. 389 (camera lucida). 
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in 7. tonsurans. Carrion and Silva (1) 
ly observed. The author has 


surface of old cornmeal 


Spirals are extremely rare 
described them as poorly developed and rare 


observed them on only a few occasions on the 


agar plates (Fic. 9B). 
Nodular bodies have been observed in a few cultures 


DISCUSSION 


many factors as 


In the laboratory identification of T. tonsurans, as 
include any information concern 


possible should be considered. These 
ot 


the clinical history of the patient, results of direct examinations 
| careful studies of cultures obtained. It frequently 
sent to a laboratory with no accom 


ing 
clinical materials, 
happens, however, that cultures are 
panying clinical materials. In some imstances No clinical data are sup 


In such cases the laboratory identification is based solely on a 


plied 
study of the culture 

Characteristic colonial morphology is 
The presence of antibiotics in the medium does not 
For study of the mu roscopic morphology, Wort 
It is suggested that the Wort aga cultures be 
2%) to 24 days of growth, im 


best obtained on Sabouraud 


dextrose agar. 
alter this morphology 
agar 1s recommended, 
studied after 7 to 10 days, and again after 
order to observe the characteristic changes in mor] 
and old cultures. In the large majority of cases, 
identification of 7. tonsurans. 

which may be difficult to identify on 


confirmation of the morphological 


thology between young 


morphological studies 


of cultures are adequate for the 

In the case of atypical cultures, 
morphological criteria alone, or if 
identification is desired, it 1s suggested that nutritional tests be carried 
Previous studies (5, 7, 8) have indicated that 7. tonsurans char 


a partial thiamine deficiency. This charactertst 


out. 
acteristically exhibits 
related with morphological studies, in 


has been found useful, when cor 
A simple test for thiamine stimulation 


the identification of this fungus. 


erformed by inoculating an unknown strain onto tubes 


may be ] ot casem 
vitamin-free agat and onto a similar medium to which thiamine ha 
been added 

Casein vitamin-free agar ma) he prepared as follows 


10% acid-l vdrolyzed vitamin-iree 2700 ml 
Dextrose ¢ 100 wm 
15.0 gm 


Purified agar 
Distilled water (4q.s.) 1000.0 ml 


Satisfactory vitamin-free Casein hydrolysate (acid) 1s ay iilable 
Nutritional Biochemicals Co It should be kept under refrigeration, al d amou 
needed should be ren oved witl 


‘ Bacto-agar available from the Difco Co. 1s satistactory 


terile syringes 


if 
3 
‘ie 
es 
the 
yar 
t 
' 


B 


Fic. 9. A. Large number of macroconidia produced by one strain 1 Wort broth 


hanging drop culture, ~ 320. B. Spiral formed on cornmeal agar, * 9-4 
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The dextrose and casem are added to a small portion of the dis 
tilled water in a 2 liter Erlenmeyer flask The solution is shaken until 
all the sugar is dissolved. The <olution is then adjusted to pH 6.5 to 
70 with 0.1 N NaOH The agar is added and the solution is brought 


to volume with distilled water The medium is brought mto solution 


by heating ovet boiling water, or by autoc laving for 5 to 6 minutes 


The complete medium is then divided into two 500 ml lots and 20.0 ml 


stock thiamine solution ts added to one (Stock thiamine solution con 


tains 5 mg thiamine hydrochloride in 500 ml distilled water at pH! 6 5 


1 ml contains 10 pg thiamine Phe stock thiamine solution 

he auto laved, as thiamine 1 heat stable at an ac ic pli 
The two media (yvitamin-tree Cast im agatl and casein agar ith added 
thiamine) ar distributed into test tubes and auto laved at 120° C tot 
10 min \fter autoclaving, a pre ipitate may he seen in the medium, 
but this has not been found to impair Its usefulness. The tubes are 
slanted and allowed to harden. Final pHi will be approximately 6.5 


The use ot acid-cleaned glassware 1s very important tor obtain 


sults Tests indicate that routinely cleaned gla 
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These media may be stored under refrigeration for 6 to 10 months or 
longer as needed. 

Unknown strains are inoculated onto tubes of both media to deter- 
mine whether thiamine stimulation can be shown. It is important to 
use small inocula, and to avoid carrying over any medium from the 
original culture tube. A decided difference in amount of growth, with 
at least twice as much growth on the medium containing thiamine, 
indicates stimulation. Characteristic nutritional tests with two strains 


of T. tonsurans are illustrated in Fic. 10. 


SUMMARY 


1, The morphology of Trichophyton tonsurans in clinical materials 


has been described. 

2. The gross and microscopic morphology of the fungus culture has 
been presented in detail. 

3. A nutritional test is described as an aid in the study of those 
strains which are difficult to identify on the basis of morphological cri- 
teria alone. 
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RHODOTORULA GLUTINIS— 


C. E. SKINNER AND M. JOAN HUXLEY 


1 FIGURE) 


(WITH 


As part of an investigation on the yeast flora of the normal skin 
(2, 3, 5) 78 isolates of Rhodotorula were studied. To this collection 
there were added 21 cultures of the same genus isolated from the air 
The 99 isolates were allocated to species according to the Lodder 
and Kreger van Rij (6) system. This genus has been difficult to 
Henrici (4) in 1930 stated: “They have been given a variety 


classify. 
mucilaginosa, rubra, sanguinea, etc., which 


of specific names as glutinis, 


serves to indicate the most striking character of the group, namely, 


a sticky or mucoid growth and a red color. Species have been created 
on the basis of morphological variation of the cells, i.e. thei tendency to 


form oval or elliptical cells or to produce pseudomycelium ; upon dit 
f the growth; upon variations in the shade of 


color produced ; and sometimes for no good reason at all After obsery 


number of strains of these red yeasts from type culture 
is still in doubt regarding 


ferences in consistency 0 


ing a considerable 
collections and isolated by myself, the author 
the unity or plurality of species. Some strains _ have consistently 
yielded a moist mucoid growth on solid media. . . . Others have formed 


cultures which are at first mucoid but gradually become dry and mark 


edly wrinkled on the surface; this change is accompanied by the forma 


tion of short strands of sseudomycelium, But one finds so many transi 


tions between the mucoid and the wrinkled types of growth that it} 
impossible to draw lines between the species on this basis The specii 


name glutinis 1s apparently the oldest that has been applied to these 


red yeasts.” 
Lodder (6) and Lodder and Kreger van Rij (7) used physiological 
These characters are princi 


pally ability to utilize glucose, sucrose, maltose, galactose, and lactose 


characteristics in characterizing species 


es of carbon and to utilize potassium nitrate as a ole source 
0 varieties in 1934, 


as sole 
of nitrogen. Lodder recognized 13 species and | 


and after removing one species from the genus, Lodder and Kreger van 
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Rij in 1952 recognized only 7 species and 1 variety. In this latter 


system only one or possibly two species can be diagnosed by morphol 


ogy, the rest by their physiological characters. Naturally such a system 
allows a rather certain diagnosis of cultures and we were able to diag 
nose our isolates into these species: Rhodotorula mucilagmosa ( Jorg.) 
Harr., Rhodotorula minuta (Saito) Harr., Rhodotorula glutinis (Fres.) 
Harr., and Rhodotorula rubra (Demme ) Lodd. Five of the cultures of 
PR. minuta, like the “authentic” culture of that species which we obtained 
from Wickerham, who got it from Lodder, utilized lactose, although 
only after the third week. The other 22 cultures were like Lodder and 
Kreger van Rij’s description of the species in that they did not utilize 
lactose. Species 1 was like R. glutinis var. rubescens and Species y 
like Rhototorula pallida odd, except that they differed from the stand 
ard deseription and trom authentic cultures (that is, cultures from the 
Delft collection) in the ability to utilize maltose and galactose re 
spectively. The numbers of each species on each of the skin areas of 
the body studied are published (5) in a note elsewhere 

In addition to the 6 carbon compounds used for differentiating the 
species of Rhodotorula, 21 other organ compounds were studied by 
us, following Wickerham’s (10) methods. The compounds are: cel 
lobiose, trehalose, melibiose, raffinose, melezitose, d xvlose, larabinose, 
I-rhamnose, inulin, soluble starch, glycerol, i-erythritol, adonitol, dul 
citol, d-mannitol, i-inositol, d-sorbitol, a-methy! d-glucoside, dl-lactu 
acid, succinic acid, and citric acid \lso ability to grow in a vitamin 
free medium, ability to grow in a medium of high osmotic concentration, 
ability to grow at 37° C and at 5° C, and production of starch from 
glucose were studied for each isolate. Taste | shows that except tor 
tests which were all negative or all positive (soluble starch, melibiose, 
i-ervthritol, d-xylose, succinic acid, and i-inositol utilization and starch 
production) there was no consistency mM any of the other physiological 
tests Nor was there any correlation between tests, with a couple of 
exceplions All 30 cultures which were able to utilize potassium nitrate 
as a source of nitrogen were able to synthesize their own vitamins, and 
of the 69 which could not utilize nitrates, 40 also were not able to syn 
thesize vitamins. Rogosa (9) has noted another case of correlation of 
vitamin requirements and a physiological character Among fermenta 
tive veasts, that is, those which ferment any sugar at all, only species 
which did not also ferment lactose required an exogenous source of 
nicotime acid, but none of the lactose-fermenting species required this 
vitamin. We also found a certain but not perfect correlation between 


citrate and maltose utilization 
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It is evident that certain carbon compounds other than the 4 used by 
Lodder and Kreger van Rij (glucose is utilized by all species of yeasts ) 
might have been used for diagnostic purposes and if they had been, as 
logical, as practical, and, it is believed, as natural a system as theirs 
could have been devised. For instance if lactic acid, citric acid, glycerol 
and mannitol had been used together with potassium nitrate, an entirely 
different allocation of isolates into species could have been devised. 
Thirty-two combinations would be possible, but only 13 combinations 
of cultures were actually found. Combinations of cultures into spec ies 
would in no way resemble the seven combinations that were found in 
the Lodder-Kreger van Rij system. The 64 isolates of . mucilaginosa 
would be allocated in 9 different species, and the other species as we 


diagnosed them would have likewise been divided. But we do not see 


how the system we postulate, where 4 common sugars are replaced by 


salts of two organic acids and 2 alcohols equally common, makes for 
a system any less natural. 

We think that the taxonomy would be no less “natural” than the 
one of Lodder and Kreger van Rij. The nomenclature would be more 
difficult. But it would not be impossible. Lodder fortunately had 
access to many type cultures and where original type cultures were not 
available she created a type culture by designating one of her cultures 
in the Delft collection as the “type.” By finding out how these cultures, 
which are presently available, react to these other compounds, the no- 
menclature could be kept stable in a completely legal manner. But there 
would be little agreement in other cultures than the types between names 
given to them by the two systems. Or one could start in describing new 
species. Of course, with each organic compound used there is the strong 
chance that the number of species will be multiplied by 2 each time an 
organic compound is added to the list of those used. And it is clear 
from the table that to some extent the number of species would be lim 
ited only by the ability of chemists to synthesize carbon compounds or to 
extract them from natural sources, a rather horrifying thought to any 
biologist at all acquainted with the literature of organic chemistry. One 
hesitates even for didactic purposes to make a suggestion of creating 
new spec 

Of course we do not suggest that the genus Rhodotorula be revised 
either by substituting new criteria to take the place of those now in use 
or by increasing the number of species by creating a host of new ones 
Rather we suggest that since morphological and tinctorial character 
istics as well as physiological ones have not been found to be useful, it 


might be better to be very conservative in our taxonomy, 
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It is not to be implied that physiological characters have no place 


in yeast taxonomy. Twice it has been proven to the authors with cul 
tures from our own laboratory that physiologic characters may express 
a true natural relationship. Once, three cultures in a collection of 159 


supposedly imperfect colorless yeasts were allocated to a single species, 
largely on physiological characters. Later it was found that these 3, 
and these 3 only, of the collection, belonged to a single species of pertect 
yeasts, Lipomyces Starkey Lodd. & van Rij (3). Rather unusual 
means of inducing ascospore formation demonstrated this. Again some 
of our cultures of fermentative yeasts were found by Wickerham to be 
haploidal cultures of a heterothallous perfect yeast (10), Endomycopsts 
Guilliermondii Wickerham. He was led to make crosses with his mat 
ing-type cultures even though our cultures were morphologically very 
different from his, since the cultural characters (incidentally not only 
those used by Lodder) were similar to those of his mating type cultures 
of Endomycopsis Guilliermondu. 

We do not see any clear separation of species of Rhodotorula on 
morphology. There are differences in size and shape among the cul 
tures, but, as Henrict (4) stated, cultures seem to fall into a gradual 
and continuous series. Moreover, it Is to be expected that there will 


be definite changes in size and shape, in some cultures, on continued 


cultivation. As an example of this we cite a single culture in the Delit 
collection. This culture was described by Lodder (6) as Rhodotorula 
colostri (Castelli) Lodd. The size, as given, was 15-6 x 7-10p. This 
same culture, under the name Rhodotorula aurantica (Saido) Lodd., 
was given dimensions of 3.5-5 » 7.5-16 p by Lodder and Kreger van Rij 
in 1952. Growth conditions were the same. The 1934 drawing shows 
almost spherical oval cells, the 1952 drawing, elongated cells 3 to 4 
times as long as broad. Such changes m cell size and shape frequently 
take place in yeasts on continued culture. Examples of even greater 
changes in morphology inh Rhodotorula have been recorded by Arta 
gaveytia-Allende (1) In making our diagnoses we used size and shape 
where it was called for in the Lodder Kreger van Rij system, but we 
were not altogether certain of our conclusions. We found a gradual 
series in our collection from small to large cells whether the size of the 
mean, of the mode, or of the largest cells was considered, and there was 
a great deal of overlapping Mackinnon (8) used size and shape of 
cells together with nitrate utilization in classifying his cultures of 
Rhodotorula. However, he studied relatively few isolates. We beleve 
that had he used a larger series he would not have been able to use 


these morphological characters On the whole we are convinced that 
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size and shape of cells 1s not a “good” character for classifying species 
of Khodotorula. 

We believe that before any characters are used to determine species 
the genus should first be thoroughly studied to determine 
Wickerham has done just that in his study 
n apparently natural 


in a genus, 
which characters apply. 
of the perfect genus of yeasts, Hansenula, and a 
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Rnodetorula rubra Rrodotorve 


Fic. 1. Camera lucida drawings of wet mounts ol cultures of Khodotorula 


grown on Wickerham’s morphology agar, 7 days at room temperature Drawings 


at left are of “authentic” cultures from the Delft collection, others show extremes 


of variation in morphology of diagnosed cultures 
system has been the result. [t ts gomg to be more difficult with an 
However, until we have evidence 


imperfect genus like Rhodotorula. 
| studies that 


obtained by physiological, morphological or immunologica 
a natural one, that is, one based on phylogeny, the 


a classification 1s 
that the genus Rhodotorula should be 


authors are inclined to believe 


considered as monotypic. The characters that will finally be used will 
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undoubtedly be physiological, probably utilization of carbon compounds 
But they will probably be based on combinations of compounds, as 
Wickerham (10) did with Hansenula, not as Lodder and Kreger van 


Rij did with Rhodotorula, where utilization or non-utilization of only 


one sugar determined the diagnosis. There 1s no current pressure 


being exerted on scientists by industry to classify this genus as there 


seems to be in the case of the genus Streptomyces, since so far as 1s 
known Rhodotorula has no industrial use. Henrici's (4) suggestion, 


before the extensive use of physiological characters in the classification 


of the genus, that the genus be classified into one species 1s as pertinent 


in 1956 as in 1930. The species is Rhodotorula glutinis (bk resenius ) 


Harrison. Excluding Torula flava Saito, which does not seem to belong 


in the genus, and including 3 nomina nuda, 76 synonyms can be found 


in Lodder & Kreger van Rij’s (7) text 
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FROZEN STORAGE FOR STOCK CULTURES 
OF FUNGI 


J. W. CARMICHAEL 


Storing micro-organisms at sub-freezing temperatures to maintain 
their viability is not a new idea. Freezing biological material to pre- 
serve infecting viruses is almost standard practice. [Even such delicate 
bacteria as the spirochete of syphilis (McLeod and Arnold, 1949) and 
the gonococcus (unpublished data) can be kept viable in the frozen state. 

Experimentally, certain fungi also have been frozen and then thawed 
and revived (Luyet, 1938; Stille, 1943). The very existence of native 
fungi in areas such as northern Alberta implies their ability to survive 
freezing for considerable periods. It seems strange, therefore, that no 
one has investigated the practicability of using frozen storage for stock 
culture collections of fungi. Indeed, Meyer (1955), whose paper ap 
peared while this one was in preparation, was probably the first even 
to suggest the use of such a method. She suspended cultures of der- 


matophytes in human blood plasma or litmus milk and stored them at 


22 and — 52° C with good results. 
This paper reports the first test of a freezing method for maintaining 


a general collection of stock cultures of fungi. 


MATERIALS AND METHODS 


Cultures were inoculated in duplicate on slants of Sabouraud’s agar 
in 15 by 100 mm serew-capped tubes and incubated at room tempera- 
ture. In about two months, when all the cultures had grown, one set 
of tubes was arranged in cardboard boxes and placed in a “deep freeze” 
chest of the type commercially produced for home use. The tempera 
ture of the chest was — 20° C. No special attempt was made to secure 
rapid freezing of the cultures. The second set of tubes was placed in a 
refrigerator at 5° C, our usual storage method, so that they would be 
available if the frozen cultures did not survive 

\fter 9 months of storage, the boxes were removed from the freezer 
and the cultures allowed to thaw at room temperature. Transfers were 
then made to fresh slants of Sabouraud’s agar. 

This preliminary test involved 400 strains of fungi belonging to the 


following genera: lhsidia, Acrostalagmus, Aleurisma, Allescheria, Al 
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ternaria, Amauroascus, Anthostomella, Arachniotus, Aspergulus, Beau 
veria, Blastomyces, Botryotrichum, Botrytis, Candida, Cephalosporium, 
Chaetomium, Choanephora, Chromocrea, Circinella, ¢ ladosporium, Co 
ghamella, Endomyces, Endomycopsis, Epi 
Geomyces, Geotrichum, Hansenula, Haplo 
sporangium, Histoplasma, Hormodendrum, Madurella, Melanospora, 
Microsporum, Monilia, Monosporimm, Mortierella, Mucor, Myvxotri 
Nocardia, Oospora, Paecilomyces, Phialophora, 
Rhizopus, Sace haromyces, 
Sordart, Sporobolo 
Thamnidium, 


prinus, Cryptococcus, Cunnin 
dermophyton, Gelasinospora, 


chum, Neurospora, 
Phycomyces, Pichia, Pseudogymnoascus, 
Schizosaccharomyces, Scopulariopsis, Sepedonium, 
myces, Sporotrichum, Stemphylium, Syncephalastrum, 
Trichophyton, Trichosporon, Trichothecium, V erticillium and Zygo 
rhynchus. Some of the genera were represented by many species oF 
strains, others by a single culture. 

As an additional experiment, 


three cultures of dermatophytes and 
and thawed three successive times at 
veated freezing and thawing. 


five cultures of yeasts were frozen 
short intervals to determine the effect of req 


RESULTS 


months, 17 were 


Of the 400 cultures stored in the freezer for nine 
Of these, 10 did not grow on transfer and 7 became 
s of Penicillium and could not be recovered, 
Candida, Chromocrea, Epidermophyton, 
Veurospora, Sordaria and Trt 


lost. contaminated 
with a specie The cultures 
lost belonged in the genera 
Gelasinospora, Geomyces, M yxotru hum, 
chophyton, plus three unidentified cultures. 
collection except Geomyces auratus, 


fimicola, which were represented by single 


At least one strain survived 
of every species in the \Veurospora 
tetrasperma and Sordaria 
Most of the cultures which were lost were ascomycetes 


cultures only 
Only one yeast and 


and fruit poorly on Sabouraud’s agar 


which grow 
The Phycomycetes, even though some were 


five imperfects were lost 
of tropical origin, all survived. 

In all instances where the trozen culture di 
5° C also proved non-viable This double 


| not grow on transtier, 


the routine cultures stored at 
f these cultures may have been moribund 


fatality suggests that some 0 
to lack of air in the screw capped tube 


prior to storage; ) rhaps due 


during the two months they were held at room temperature 


of this experiment It was necessary to have sub 


cultures from several strains 1n the stock collection. Three strains which 


months in our routine storage 


During the course 


at 5° ¢ 


were no longer viable after six 
readily recovered from the experimental frozen cultures 


were 
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Of the eight cultures which were frozen and thawed on three suc- 
cessive occasions, only one was not viable after the third freezing. This 
was a culture of Candida sp. which had been kept at room temperature 
for several months prior to being frozen. One of the culture tubes 
cracked on the third freezing. When cultures are repeatedly frozen and 
thawed, a quantity of fluid may sometimes escape from the agar gel. 
For this reason it is suggested that cultures should not be frozen more 


than once. 
DISCUSSION 


Any method for maintaining a stock culture collection must keep the 
organisms viable and in pure culture indefinitely. To be fully satis- 
factory, however, it should also maintain the original characters of the 
strains, and require a minimum of time, equipment, material and space. 

Three general types of storage are at present in use for cultures of 
fungi: 

(1) Storage under conditions which permit metabolic activity to go 
on at a “normal” rate. The cultures are maintained on a nutrient 
medium at or near their optimum temperature and transferred at fre- 
quent intervals. 

(2) Storage under conditions where metabolic activity is restricted. 
This is achieved either by storing agar slants at 5 to 10° C (the classical 
method ), by covering slants with sterile mineral oil (Buell and Weston, 
1947), or by dispersing spores in soil (Bakerspigel, 1953, 1954). 

(3) Storage under conditions where metabolic activity is presum- 
ably absent, is typically achieved by the lyophil or freeze-drying process, 
or by other drying techniques (Harris, 1954). 

All methods can maintain viability. However, the first method 
favors strain variation and is time-consuming for large collections. The 
second method permits longer intervals between transfers, but is still 
open to criticism in relation to strain variation, and convenience. The 
third method, which prohibits nuclear division, is theoretically the best 
for maintaining original strain characters, but drying techniques are 
cumbersome, require special equipment, and cannot be applied to all 
fungi (Raper and Alexander, 1945; Fennell, Raper and Flickinger, 
1950). 

The freezing method described here achieves the desired inactivation 
of metabolism, but is no more time-consuming than the usual practice 


of storing slants in the refrigerator. The first results are sufficiently 


promising to warrant observation on longer storage periods. “Two-year 
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and five-year storage tests on frozen cultures are now in progress at 
this laboratory 


SUMMARY 


\ general collection of 400 stock cultures of fungi on agar slants 


was stored in a deep-freeze chest at 20° C for nine months. Viability 


was generally well maintained over this period. Keeping stock cultures 


in a freezer appears to be a convenient method for obtaining “inactive” 


storage, and long-term tests are now in progress 
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CERCOSPORA LEAF SPOT OF ABELIA 


A. G. PLAKIpAs 


(witH 1 FIGURE) 


Abelia (A. grandiflora (Andre) Rehd.) is widely grown as an orna 
mental shrub in the South. In midsummer, beginning about the middle 
of June, the leaves become spotted with irregular, diffuse, purple to 
brown spots. These commonly abscise and fall. New foliage forms 


on the denuded shoots, and this in turn becomes spotted and abscises, 
so that, by the end of September, the shrubs are almost completely de- 
foliated. Then, with the advent of cool weather in late fall, new leaves 
develop, and these remain healthy green until the following summer. 
This defoliation has been accepted by nurserymen and gardeners as 
natural, This paper presents evidence to show that this summer de- 
foliation is not natural ( Abelia grandiflora is an evergreen plant) but the 
result of infection by an apparently undescribed species of Cercospora 
As far as the writer has been able to determine, no Cercospora has ever 
been described on this host. The pathogen is therefore described as a 
new species. 


THE DISEASE 


In the early stage, the lesions appear as indefinite chlorotic mottlings, 
14 mm in diameter, on the upper leaf surface, but soon the color 
changes to purple. Later, when the affected tissue becomes necrotic, 
the color of the spots becomes dark brown (Fic. 1, a). On the under 
surface, the spots are light brown to grayish brown and indefinite in 
outline except when delimited by large veins, in which case they are 
somewhat angular. The upper surface of the spots is glabrous; the 
under surface somewhat fuzzy or downy. This fuzziness results from 
the presence of large number of conidiophores, which protrude through 
the stomata (Fic. 1, b), conidial masses, and effuse surface mycelium, 
and is more pronounced during periods of high humidity. Soon after 
the spots become necrotic, the affected leaves turn somewhat chlorotic 
and shed, resulting in partial to complete defoliation of the shrub by 
the end of the summer. 
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THE FUNGUS 


The internal my 


Mycelium occurs both internally and externally 
celium, in the form of branching hyphae, is intercellular between the 
spongy parenchyma and, to a less extent, between the palisade cells. 


The external mycelium occurs as effuse growth on the lower surface ot 


the lesion. A small compact stroma, composed of closely septate, thick 
ened, brown mycelium, forms in the stomatal openings on the lower 


leaves (left) showing typical spots and two healthy 


Fic. 1. a. Two 
free-hand section of lower epidermis 


(right) for comparison. b 
through stomata 


Surtace 
Conidia, * 350 


conidiophores emerging 


surtace, and the fas« iculate conidiophores arise from this stroma (ic 


All fructifications arising from internal mycelium are stomatal ; 


in no instance were fructifications ever observed to emerge by breaking 
through the epidermis. The comdiophores are relatively thin, 3—4 » in 
diameter at their thickest part, sparsely septate, branching, geniculate 
with inconspicuous scars, brown in their basal portion and subhyaline 
about 13 to 33 mm in length. It is difficult 


to hyaline toward the apex 
because, quite often, 


to determine the exact length of the conidiophores 
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their tips continue to grow in the form of long, branching, hyaline, 
procumbent hyphae on the surface. Conidiophores also often arise as 
erect lateral branches from the effuse surface mycelium. The conidia 
(Fic. 1, c) are hyaline, acicular-cylindric, 3—6-septate, septa indistinct, 
tip pointed, base conic-truncate, 1.7-3.0 » thick, straight or curved. 
The fungus was obtained in pure culture both from tissue plantings 
and from single conidia. It grew well but slowly on a variety of media. 
The colonies (on carrot and potato dextrose agar media) were compact, 
raised, light to dark gray on top and greenish black on reverse. The 
size of &-day-old colonies ranged from 13 to 16 mm in diameter. The 
fungus did not sporulate in culture normally. However, when colonies 
were macerated in a small amount of sterile water and smeared on the 
surface of carrot agar and soil-extract agar, conidia were produced, 


sparingly on the first, and abundantly on the second medium. 


Cercospora abeliae sp. nov. 


Maculis irregularibus, nec lineis praecisis instructis, primo chloroticis, gradatim 
purpurantibus, postremo necroticis, et in superficie fusce rubidis, parte autem i 
inferiore diluto rubore aut colore ravo tincta, externe pilis subtillimis aliquantulum 
cooperata; folia contacto denique fiunt chlorotica et abscinduntur Fructificatio 
hypophylla; stromata parva et fusce rubida foramina implentia. Conidiophora ¢ 
stromatibus ut fascicula lenia surgunt, aliquando tamen singula tamquam erecti 
rami laterales e summis myceliis effusis, ramificata, paulum septata, fusce rubida 
in basi, et subhyalina ad hyalina prope apicem; geniculata, cicatrices non prominent; 
cacumina subinde fiunt longae hyphae quae ramificantes procumbunt, 3-4 * 13-33 4; 
conidia hyalina gracilia, acicularo-cylindrica, et cacumen saepissime praeacuta, basis 
conico-truncata et recta aut curvata, 3-6-septata, septis indistinctis, 1.7-3.0 » 
35.0-73.5 

Spots irregular without definite margins, chlorotic at first, turning 
purple and finally necrotic and dark brown on the upper surface, light 
brown to grayish brown and somewhat fuzzy on the under surface, the 
leaves ultimately becoming chlorotic and abscising. Fruiting hypophyl- 
lous ; stromata small, filling the stomatal openings, brown ; conidiophores 
arising in thin fascicles from the stroma, occasionally singly as erect 
lateral branches from the effuse surface mycelium, branched, sparsely 
septate, brown at the base and subhyaline to hyaline toward the apex, 
geniculate, scars not prominent, tips occasionally growing into long, 
branching procumbent hyphae, 3-4 x 13-33 »; conidia hyaline, slender, 
acicular-cylindric, tip mostly pointed, base conic-truncate, straight or 
curved, 3-6-septate, septa indistinct, 1.7-3.0 35.0-73.5 


Host: Abelia grandiflora (Andre) Rehd. 
Type locality: Baton Rouge, Louisiana. 
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Distribution: Specimens received from Shreveport, 
Alexandria, 


Monroe and 
Louisiana : observed in several localities in Southea 


st Louisi 
ana (Folsom, Hammond, Covington, and New ‘ yrleans ) 


Type specimens (No 7913) deposited in the mycological herbarium 

of the Department of Botany, Bacteriology and Plant Pathology, Loutsi 
Baton Rouge, Louisiana, and also im the Myco 

logical Collections, Bureau of Plant Industry, Washington, 1). ¢ 
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ana State University, 
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ca STATE 
BATON 


BACTERIOLOGY AND PLANT PATHOLOGY 
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THE GENUS PHLEBIA’*’ 


Brice Cooke * 


The genus Phlebia contains certain fungi which are cartilaginous to 
subgelatinous in consistency. The genus is distinguished from other 


genera with similar consistency by the presence of tooth-like, wart-like, 


or ridge-like projections from the hymenial surface. Because of the 
superficial similarity to certain types of hydnaceous fungi such as 
Radulum or even certain species of H1ydnum (in the broadest sense ), 
the genus has been classified in the Hydnaceae for a long time, especially 
by those students who have followed the Friesian system. However, 
Patouillard saw a similarity between this type of hymenial configuration 
and the type exhibited by certain resupinate members of the genus 
Merulius, especially certain hyaline-spored species, and placed these two 
genera together. To date, no Phlebias have been reported in which the 
hymenium and spores are of the Serpula type. However, one species 
has been reported as widespread in the tropics and in eastern North 
America, which is brown, opaque in KOH mounts, possesses gloeocys 
tidia and dendrophyses as well as brown material in the hymenium and 
has spores which, at least at maurity, turn yellow to pale brown. Be 
cause of his interpretation of the basidia, Lloyd thought this must be 
some sort of tremellaceous fungus. However, the consistency was not 
gelatinous, so he coined the name Auricula for it, apparently not realiz 
ing that O. Kuntze has used this name for species of Auricularia, Thus 
he inferred a resemblance to, if not a relationship with, Auricularia. 

In studying the species of this genus, of which two are widespread in 
Washington, the following herbaria have been kind enough to let me 
examine their collections either on loan or in the herbarium. The num 
ber following the name of the herbarium indicates the number of speci- 
mens seen from each. New York State Museum (65); W. B. Cooke 
(19); State College of Washington, Plant Pathology Herbarium (10) ; 
New York State College of Forestry (2); Farlow Herbarium: General 

! This investigation was supported in part by funds provided for biological and 
medical research by the State of Washington Initiative Measure No. 171 

* Scientific Paper No. 1439, Washington Agricultural Experiment Stations 
Pullman. Project No. 1047 

‘Formerly Research Associate in Mycology, Department of Plant Pathology, 
State College of Washington, Pullman. 
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collection (89), von Hoehnel Herbarium (12), Burt Herbarium (41); 


1. O. Overholts Herbarium at Pennsylvania State College (74) ; Penn 
sylvania State College Herbarium (24); University of Michigan (70); 
University of Califorma (00); State University of Iowa (36); Cor 
nell University : General collection (35), Atkinson Herbarium (34); 
C. R. Stillinger Herbarium (3) ; University of Florida Herbarium (3); 

S. Department of Agriculture 


Missouri Botanical Garden (62): U 
C. G. Lloyd 


National Fungus Collections : General collections (276) ; 
Mycological Collection ( 159): Forest Service : Division of Forest Insect 
and Disease Investigations (29) ; Carnegie Museum (43) ; Chicago 
Museum of Natural History (52): University of Toronto Herbarium 
(84): New York Botanical Garden (243): Herbarium of the Domimon 
Laboratory of Forest Pathology, Victoria (29). 

Of these 1560 collections, about half have been studied critically with 
yrepared in KOH and phloxine, in 
It should be mentioned 


freehand sections or smash mounts | 
Melzer’s reagent, or in lactophenol-cotton blue. 
that the spores of all specimens of the genus Phlebia, as it is understood 
below, gave the amyloid reaction when mounted in Melzer’s reagent 

In the following discussion no attempt will be made to correlate host 


and geographic distribution of the species. A list of hosts as understood 


by the collectors will be given. Following the name of the political 


division from which specimens have been seen, the number of specimens 


seen will be indicated. 
Phlebia and Auricula are considered by forest pathologists to be of 


little importance, since they occur only as slash rots of important forest 


trees or as mild pathogens of unimportant trees The taxonomi« 
to say the least. Of the 


status 


of the few common species has been vague, 
species not found commonly, most of the specimens have been found 
filed as abnormalities in one or the other of the two common species 
The names used for the two common species are many If a specimen 
was found in one location, it received one name, if in another, another 
name was used. One worker fairly consistently applied one name, and 
all material identified on the basis of that identification received that 
name. If a specimen grew on a conifer log it received a different name 
from that given a specimen just like it on a hardwood log, and the two 
names stuck for the two forms fairly consistently, although morpho 
logically the two appeared indistinguishable 

The common species with flesh to cinnabar or red colors in the 
hymenium is referred to here as P. radiata Fr. In the Systema, and 
subsequently, Fries considered three species in this group of which the 


first was P merismotides, the second P. radiata, and the third 7’. con 
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P. merismoides is a growth form in which the fructification 
As such, it is commonly represented in 
P. contorta is a growth form in 


lorta. 
covers mosses on rotten logs. 
herbaria under this or other names, 
which the depressions between the tooth-, wart-, and ridge-like projec- 
tions are deeper, and the teeth, warts and ridges themselves are less 
regularly arranged. The typical P?. radiata growth form consists of a 
series of ridges, wart- and tooth-like projections radiating from a central 
point, usually the point of attachment. Because of this, in cases of 
confluence of several fruiting bodies the individuals can be readily dis- 
tinguished. This characteristic is not restricted to P. radiata but can 
also be found in 7’. albida and the derivatives of these two species. Ac- 
cording to Lundell (personal communication) 7. radiata is the only one 
of these three original Friesian species represented in the herbarium at 


Uppsala by material considered to be authentic, and the specimens there 


correspond with material sent for study. Fries, in the Elenchus, p. 155, 
stated that this species was the type of the genus: “Haec species typus 
generis Phlelnae!’ 

Because Burt felt that the presence of tramal cystidioles in the fructi 
fication was diagnostic for 1’, merismoides, he distinguished in his her- 
barium and in making identifications for others between this species and 
P. cinnabarina Schw. which he thought possessed no such structures. 
However, in examining all the material Burt studied in both his her- 
barium at the Farlow Herbarium and at the Missouri Botanical Garden 
which was kindly lent by C. W. Dodge, it was found that no distinction 
could be made on this basis since all specimens contained tramal cysti- 
dioles which could be demonstrated with greater or less facility. 

The common species with white to tan or resinous coloration 1s 
referred to here as P. albida Fr. This species was not recognized by 
Fries in the Systema (although it might have been one of the varieties 
of P. radiata listed in the Elenchus) and was not described by him until 
much later. However, his description antedates that of Karsten for 
P. centrifuga. 
it seems that at least in Sweden the form occurring on hardwood is con- 
sidered to be 2. albida while that on coniferous wood is referred to as 
P. centrifuga. In North America, a number of collections has been 
made on both types of substratum, although it is more rare on hardwood. 
Morphologically these appear to be indistinguishable ; thus for the pur- 
pose of this paper the earlier name will be used. A glance at the 
synonymy of this species will indicate that the species is more widely 
known than the literature about it. In addition to the names listed, 
several others have been applied to it in herbaria and correspondence, 


According to correspondence with workers in Sweden, 
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as is true also for P. radiata. These will be discussed following the 
descriptions of the species concerned. 

In Donk’s treatment (1931) of this genus three sections are recog 
nized: Sect. 1, the Corticioideae, includes species of Bourdot and 


Galzin’s section 9 of Corticium, the section Ceraced, in which corticioid 


species with phlebioid hymenium are laced. C. lividum is cited as the 


only species. Sect. 2, Phleta Fr. s.str., includes 4 species of which 
P. radiata and P. donkii are treated in detail. This section would 
include those species treated below in this genus by the writer. Sec. 3, 
Merulioideae, includes certain species with merulioid phlelnoid hymenium 
which the writer feels are best placed in Merulius Fr. at present, 

The family Meruliaceae includes at least two genera, the hyaline and 
pale-spored species of Merulius, i.e., the Leptosporit and part ot! the 
Coniophori sections of Merulius in the sense of Burt; and Phlebia as 
understood in this paper. These two genera, restricted to the sense in 
which they are used here, appear to have arisen from more than one 
point throughout the Corticnen Peniophora complex by development 
of the characteristic configuration of the hymenium. In Merulius the 
hymenium has developed on radiating and transverse ridges which thus 
produce a porose aspect. It 1s possible that this 1s an advanced state 
and that the primitive species of the genus are those with a type of 
punctate hymenium. The type of pores produced is different from that 
found in the Polyporaceae or in those genera ol fungi commonly con 
sidered as true polypores in that the hymenium in Merulius covers the 
entire exposed surface including the ridges as well as the pits while im 
the true polypores the hymenium lines only the tubes and is not con 
tinuous over the dissepiments between the tubes The same is true in 
Phlebia, for in superficially similar hydnaceous genera the warts, teeth 
or ridges are not usually covered by the hymenium at the tips, which 
may be composed of sterile elements. Most specimens of at least one, 
possibly two, species of Merulius, and certain specimens ot other species 
of Merulius, have been assigned in herbaria to Phlebia, especially 2 
merismoides, considered here as P’. radiata. The superficial resemblance 
between these species is striking, but on close examination o! dry mate 
rial, even before it is soaked up to simulate natural conditions, it can 
be observed that there are definite pore-like depressions in more or less 
regular order, In all specimens ot! Phiebia examined to date, it has been 
very difficult to find specimens with any tendency to a merulioid hy 
menium: thus, for the present, at least, the two genera are considered 


distinct and will be treated in this way. 
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Two genera are recognized among the specimens assigned to the 


genus Phlebia Fr. They are differentiated as follows: 


1. Context white or pale colored; spores hyaline; embedded cystidioles, cys- 
tidia and gloeocystidia often present Phlebia 
2. Context yellow-brown; spores at first hyaline, ae colored; den- 


drophyses and gloeocystidia present Phaecophlebia 


Puiesta Fries, Syst. Myc. 1: 426. 1821 


Fructification coriaceous to subgelatinous, monomitic, with hymenium 
covering hydnoid configurations such as warts, teeth or ridges, radiating 
from a central point; hymenium simple, composed of basidia with cys- 
tidia occassionally present; tramal cystidioles present in the trama and 
subhymenium of some species; spores hyaline, allantoid to ovate. 

Tyre: P. radiata Fr., Syst. Myc. 1: 427. 1821, fide Fries, Elenchus 
Fungorum, p. 155, 1828. 


KEY TO THE SPECIES 


1. Fructifications flesh-color to cinnabar or red, or at least with some of 
these shades in the hymenium 
1. Fructifications without pronounced red shades but white to light or resin- 


ous brown or olivaceous 
2. Fructifications without sterile organs in the hymenium; spores 5-6 
2.5 3 celtidis 

Fructifications with one of several types of sterile organs in the context 
or the hymenium or both. 

Sterile organs hyaline 

Sterile organs yellowish. 

4. Sterile organs in the form of hyaline tramal cystidioles present in the 
subhymenium and context, not usually reaching into the hymenium; 


) radiata 


4. Sterile organs consisting of hyaline tramel cystidioles and hyaline 
hymenial cystidia usually found on the folds; spores 3-4.5 * 1-1.5 4. 
P. cystidiata 


Sterile organs subhymenial or hymenial gloeocystidia; spores 3-5 X 2.5 


Sterile organs tramal or subhymenial gloeocystidis ; spores 8-10 ¥ 4-5 
P. argentinensts 


6. Receptacles bright olive-green; no sterile organs in hymenium; spores 


6. Receptacles white to cream-color or pale to resinous brown.......... 7 

7. Hymenium without sterile organs; spores 5-10 * 2.5-44 : ..P. albida 

7. Hymenium with cystidia 8 
8. Cystidia yellowish, 14-18(-25) * 3-54; spores 3.5-4.5 » 

canadensis 


8. Cystidia hyaline, 20-40 * 9-12 w; spores 6-7 * 2-3 4 ves ’. subalbida 


3 
3 
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PuLeBIA RADIATA Fr., Syst. Myce. 1: 427. 1821. 


Auricularia aurantiaca Sow., Col. Fig. Engl. Fung. Tab. 3: pl. 291 1803 

Merulius merismoides Fr., Obs. Myc. 2: 235. 1818 

Phliebia merismoides Fr., Syst. Myc. 1: 427. 1821 

Phlebia contorta Fr., Syst. Myc. 1: 427. 1821 

Thelephora bolaris Pers., Myc. Eur. 1: 138. 1822 

Ricnophora carnea Pers., Myc. Eur, 2: 7, pl. 18, t 

Phlebia radiata a carnea Fr., El. Fung. 154. 1828 

Phlebia radiata B pallida Fr., El. Fung. 1: 

Phlebia radiata » cinnabarina [Schw.] Fr., El. Fung 
as “Theleph. cinnabarina Schwein. ! in lit.” 

Phlebia radiata y fulgens Fr., El. Fung. 155. 1828 

Phlebia radiata e livida Fr., El. Fung. 155. 1828 

Phlebia radiata ¢ carneo-plumbea Fr., El. Fung 155. 1828 

Phlebia cinnabarina Schw., Amer. Phil. Soc. Trans. n.s. 4: 165 1832 

Merulius fulvus Lasch, Linnaea 4; 552. 1829 

Phlebia radiata {. cerasi-avium Lambotte, Mem. Soc. Roy. Sci. Liége II. 14 
70, 1888. 

Phliebia aurantiaca (Sow. ex Fr.) Schroet. in Cohn, Krypt.-Fl. Schles, 3(1) 
461. 1888 

Phlebia acerina Pk., Ann. Rept. N. Y, St. Mus. 42: 27. 1889 

Phiehia kriegeriana P. Henn., Hedw. Beiblatt. 146. 1902 

Phlebia donkii Bourd., Ned. Kruik. Arch, 1930: 83. 1930 

Phlebia albida Fr., sensu Auctt. in herb 


4 
54. 1828 


1828: cited by Fries 


Fructifications subgelatinous, flesh-colored, orange-red, coral-red, or 
some other shade of red or pink, orbicular, confluent in large sheets, 
resupinate, adnate, each fructification discrete, if only as indi ated by 
the point from which the warts and ridges radiate; margin usually stri 
gose or fimbriate ; hymenium covering ridges and warts radiating from 
the point of attachment, ridges and warts may be raised to as much as 
1 mm, becoming confluent at times in radiating rows but not forming 
pores or pore-like areas in most cases; context (500 \750-1000(—-1150 jp 
thick, thinner in depressions between warts and ridges, thicker where 
warts and ridges occur; hyphae parallel to substratum, regularly ar- 
ranged, subgelatinous, compact in lower three fourths of thickness, then 
becoming perpendicular and forming the hymenium ,; 2-3.5 4 in diam 
eter, bearing clamps at the septa; lumen becoming almost completely 
obliterated in older portions ; large crystalline granules present in context 
in many specimens; tramal cystidioles present in context and subhy 
menium, inflated, clavate or spherical to cylindric, smooth, thin-walled, 
hyaline, (20 )28-~36(-72) x (6-)8-9(—11 hyphae bearing the tramal 
cystidioles 5 7 5 pin diameter just below the « ystidioles, with « lamps at 
the septum separating the cystidiole from the hypha; in some case 
lying below the hymenium and perpe ndicular with its elements, in other 
cases lying parallel to its elements, sometimes difficult to find in freehand 


sections or smash mounts and then observable in glycermme mounts ; 
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basidia 4-spored, 18-20 x 3-4 p; spores allantoid or occasionally oblong- 
ellipsoid, hyaline, smooth, apiculate, (2—)3.5-4.5(-5) x (1 )1.5-2(-—2.5) 


Type specimens examined of: Phlebia acerina Pk., Phlebia cinna- 
hbarina Schw. 

Habitat: On rotting wood of hardwood and coniferous trees and 
shrubs including that of the following species: Abies sp., A. balsamea; 
Acer sp., A. macrophyllum, A. platanoides, A. rubrum, A. saccharinum, 
A. saccharum, A. spicatum; Alnus sp., A. glutinosa, A. incana, A. rubra, 
A. rugosa, A. tenuifolia; Betula sp., B. alba, B. lutea, B. nigra, B. occt- 
dentalis, B. papyrifera, B. populifolia, B. verrucosa; Carpinus carolini- 
ana; Carya sp.; Castanea dentata; Fraxinus sp.; agus sp., I’. grandi- 
folia; Ilex opaca; Juglans cinerea, J. nigra, J. regia; Liriodendron 
tulipifera > Magnolia Sp., M. fraseri, M. glauca Nyssa Sp-; Pinus 
P. contorta var. latifolia, P. monticola, P. taeda, P. virginiana; Populus 
sp., acuminata, P. balsamifera, P. grandidentata, P. tremuloides, P. 
trichocarpa; Prunus sp. wild, P. sp. cult., P. avium, P. emarginatus, 
P. pennsylvanicum, P. serotinum; Pseudotsuga taxifolia; Ostrya vir- 
ginica; Quercus sp., QO. agrifolia, Q. borealis, Q. chrysolepis, Q. coc inea, 
QO. pedunculata, Q. robur, Q. velutina; Rhus typhina; Salix sp. ; Sorbus 
aucuparia; Tilia sp., T. americana; Tsuga heterophylla; Ulmus sp.; 
Viburnum sp. 

Distribution: North America: United States: Alabama (12), Ar- 
kansas (1), California (14), Colorado (1), Connecticut (3), Delaware 
(2), Florida (1), Idaho (28), Illinois (21), Indiana (23), lowa ( £5); 
Kentucky (3), Maine (14), Maryland (8), Massachusetts (7), Michi- 
gan (23), Minnesota (5), Missouri (1), Montana (8), New Hampshire 
(14), New Jersey (17), New York (127), North Carolina (3), Ohio 
(33), Oregon (16), Pennsylvania (81), Rhode Island (2), Tennessee 
(4), Texas (1), Vermont (17), Virginia (9), Washington (23), West 
Virginia (18), Wisconsin (10), District of Columbia (4), Alaska (2); 
Canada: British Columbia (24), Alberta (1), Manitoba (3), New 
trunswick (1), Newfoundland (1), Nova Scotia (1), Ontario (71), 
Quebec (4); Cuba (1); Europe: Austria (15), Belgium (2), Czecho- 
slovakia (6), England (9), Finland (5), France (11), Germany (36), 
Hungary (1), Italy (2), Latvia (3), Russia (6), Sweden (15); Asia: 
Siberia (3). 

Phlebia donkii Bourd. is included in synonymy here because the 
description published by Donk does not give enough diagnostic detail 
to warrant recognizing it as distinct. The species is highly polymorphic 
and after a study of some 700 specimens it becomes difficult to recognize 


as specific the variations apparently caused by habit and habitat. Some 
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of these differences are easily used as the bases of species when only a 
few specimens are available for study. 

In 1828 Fries erected 6 varieties on the basis of color, host and varia 
tion of hymenial configuration. These are recognized here only as 
synonyms of the species. Schweinitz claimed that his material of 
Phlebia cinnabarina was not radiate. A portion of the type specimen 
which was examined showed no characteristics which would differentiate 
this species from Phlebia radiata. 

In his herbarium and notes Overholts recognized a variety resinosa 
of P. merismoides in which a resinous zone was reported below the hy 
menium and scattered in the hymenium or more usually in clusters on 


the tips of the folds clavate-knobbed and slightly incrusted cystidia 6-8 p 


in diameter, projecting from the hymenium 30-40 p, occurred, The 


specimen (LOO 1009) was collected in Ohio on Acer and appears to be 


near the writer’s concept of ?’, cystidiata from northern ( alifornia 

It should be noted that the following names have been used in het 
baria for which adequate citations of publication are as yet unavailable 
to the writer. These may be nomina nuda: P. aurantiaca var. contorta, 


P. merismoides {. tenuior, P. radiata var. microspora and IP. depallens 


Phlebia atkinsoniana sp. nov 

Pileis 10-15 * 6-8 em. rubro-brunneis; margine carneo-rubro, fimbriato; 
hyphis nodoso-septatis; cystidiis subfusiformibus, asperulis, lutescentibus, 60 75 
10-12 4; basidiis cylindratis, clavatis; sporis obovatis vel subelliptici lenibus, 


hyalinis, 3-5 2.5-3 


Forming extensive sheets 10-15 cm long by 6-8 em broad, or larger 
or smaller, older portions liver brown to maroon, sometimes with a 
whitish bloom; margin scarlet to chinese orange ; fimbriate at the edge ; 
rugose over the center, the rugae crowded, somewhat irregular, slightly 
warty, margin thin; cystidia present, subfusoid, roughened in age, thick 
walled, at first whitish but with a pale orange content, later becoming 
sordid, 60-75 * 10-12 p, projecting 15-25 p above the hymenium, often 
in groups; basidia slender, ( ylindric, clavate, j spored ; spores oboval to 
subelliptical, minute, smooth, white, hyaline, 3-5 * 2.5-3 » 


Habitat: On rotten wood 

Tyre and specimen examined: 6-Mile Creek, Cayuga Lake Basin, 
New York, Oct. 17, 1910. Coll. H. M. Fitzpatrick. In herbarium of 
G. F. Atkinson, 22906, Cornell University 

The above description was largely prepared from notes by Prot 
Atkinson to whom the species is dedicated. 

This species is considered distinct from other Phlebias on the basis 


of its colored, rough-walled cystidia, and its small, ovate spores 
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Phlebia argentinensis sp. nov. 

Pileis resupinatis, adnatis, rufo-lutescentibus; plicis rectis, radiantibus ; basidiis 
cylindratis, hyalinis, 20-25 * 5-8 w; gloeocystidiis clavatis, verrucosis, lutescentibus, 
45-65 X 10-154; sporis hyalinis, cylindratis vel ovatis, apiculatis, lenibus, 8-10 
K 

Fructification resupinate, adnate, occurring on moss and wood; 
orange-yellow in color; hymenium with radiating warts and wrinkles, 
not becoming porose or merulioid, composed of basidia and gloeocys- 
tidia; basidia 4-spored, 20-25 K 5-8 p, hyaline, in youth appearing as 
paraphyses ; gloeocystidia arising in the trama and subhymenium, reach 
ing into the hymenium, yellow, rough-walled, 45-65 x 10-15 p», clavate, 
the wall hyaline, the contents yellow; spores hyaline, cylindric to ovate, 


apiculate, smooth, 8-10 * 4—5 p. 


Halitat: On wood. 

Tyre and specimen examined; Caspinchango, Dep. Famailla, Prov. 
Tucuman, Argentina, Aug, 18, 1946. Coll. A. Garolero. From Her 
barium of Instituto Miguel Lillo C. 6246. New York Botanical Garden 

This specimen is considered distinct from other species of P’hlebia 


because of its gloeocystidia and its large spores. 


Phlebia celtidis sp. nov. 


Pileis resupinatis, adnatis, rufescentibus, margine distincto, albo; plicis radi 
antibus; hyphis nodoso-septatis, hyalinis, in contextu 3-4 diam., in subhymenio 
1.5-2.54 diam.; basidiis 4-sporis, 18-22 X 3-44; sporis cylindratis, apiculatis, 

) 


lenibus, hyalinis, 5-6 * 2.5-3 u 


Fructification resupinate, adnate, reddish, with discrete whitish mar- 


gins; hymenium covering elongate warts radiating from center of 
growth; context very compact, 300-600 » thick, with warts raised 200 
600 » farther, formed of parallel hyphae arranged parallel with the sub- 
stratum; within 50, of the hymenium the hyphal direction changes to 
perpendicular, forming the hymenium ; hyphae clamped throughout, hya 
line, 3-4» in diameter except those 1.5-2.5 in diameter in the sub 
hymenium; hymenium composed of basidia without sterile organs ; 
basidia 4-spored, 18-22 k 3-4; spores cylindric, apiculate, smooth, 
hyaline, 5-6 * 2.5-3 4; crystals present in the context, cubical, 8-10 p 
across 

Halitat: On dead wood of Celtis. 

Type and specimen examined; Along the Clearwater River near 
Lewiston, Nez Perce Co . Idaho, April 1947. Collected by Wm. Bridge 
Cooke 19276, Herbarium of Wm. Bridge Cooke. 

This spec imen is considered distinct from other red Phlebias because 


of the simple hymenium and context, and because of the cylindric spores 
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Phlebia cystidiata Jackson sp. nov. 


Pileis et contextu ut in P. radiata; hyphis nodoso-septatis, u 
diam., in subhymenio 1.5-2 diam.; tramatis cystidiolis subhymenial 
bosis vel ovatis, hyalinis, 15-25 * 9-15; cystidiis hymenialibus 
clavatis, 26-48 » 5 7 basidiis 16-20 3-4 sporis allantoideis 


latis, K 1-1.5 4 


Fructification and context with the aspect of Phlebia radiata; hyphae 
smooth, hyaline, abundantly clamped, 1.5-2 in diameter in the sub 
hymenium, 2.5—3 » in diameter in the context; fructification appearing 
superficially gelatinous but not strikingly so in section ; in subhymenium 
hyphae bear swellings up to 70» in diameter; tramal cystidioles occur 
ring in the subhymenium, originating in context or ubhymenium, sub 


globose to ovate, hyaline, 15 915 »: cystidia appearing mostly on 
PI 


folds, projecting from hymenium 10-29», of hymenial origin, with 
rounded tip, not incrusted, 26-48 « 5-7», clavate; basidia 16-20 


3-4 p, 4-spored; spores allantoid, hyaline, smooth, apiculate, 3-4 


] 


Habitat: On wood of Alnus rubra 

and specimen examined: McNeil’s Creek, Trinidad, Humpbolt 
Co., Calif., Feb. 7, 1941 Collected by H. E. Parks 6592. Herbarium 
of the University of California 68/399, University of Toronto 154 

This specimen was studied by H. S. Jackson who reported this mam 

ir. Bonar in October, 1942. The description is from the yriter’ 
notes It is considered distinct from other Phlebias because ot the 
hymenial cystidia which occur on the folds of the hymenmum Krieger’ 


distribution of Phlebia krieqeriana P. Henn. includes material which 


approaches this, but most of the specimens distributed by him under 


this name which have been seen are referable to ?. radiata 


PHLERIA ALBIDA Post. ex Fr., Monogr. 2: 280. 1863 emend. [re 
Ann. Mycol. 1: 90 1903 


hia centrifuga K: t., Med. Soc 
Mycologia 22 
Pilat, Bull 
macra Va vo-tmhalata Pilat 
macra comarginata Pilat, 


Fr. sensu Auctt 


ontorta Fr. sensu Au 


Receptacle adnate or partially separable, resupinate confluent, 1-5 
cm in diameter to 15 em or more long and 3-5 em wide, 250-750-1500 » 
thick: hymenium covering warts and ridges radiating from the centes 


395 

textu 25-34 
hus 
mecrustatis, 
alinis, apicu 

Phi wun. Fl. Fenn. 6: 10. 1881 
Ph 240, 1930 
Ph Soc. Myc. Fr. 49: 288-290. 19 woes, 

Ph Stud. Bot. Cech. 1: 6. 1938 Suk 

Phi stud. Bot. Cech. 1: ¢ 19 hee 
Phlebia merismoides cf. Cooke, Mycologia 35 
194 
Phichbia (WX: tt. cf. Bresadola (specimens at BPI) 
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of each receptacle, indicating point of origin of each receptacle im a 
compound fructification ; color whitish to cream, becoming pale brown 
to red-brown or resinous in age or on drying; margin up to 1 cm wide, 
rather regular to fimbriate or fimbriate-strigose, appearing watery-white 
to brownish and gelatinous in most cases; hymenium cracking in drying 
in some cases, showing the cream-colored context; context white to 
cream-colored, composed of white to yellowish hyphae, densely com- 
pacted, irregularly arranged to more or less parallel, forming several 
distinet or nearly distinct layers: 1) next to substratum hyphae loosely 
interwoven, single to fasciculate, 3-5—7 » in diameter, 75-150 p» thick; 
when in ropes, the ropes branch and anastomose, the hyphae of this 
region thicker walled than elsewhere; 2) a layer of more densely inter- 
woven hyphae averaging 225 » thick; 3) a layer of compact interwoven 
hyphae averaging 150 thick; 4) a layer of interwoven, rather loosely 
arranged hyphae 150, thick with hyphae becoming perpendicular to 
substratum and forming the 5th layer, the hymenium, about 40 » thick, 
or not changing direction and forming the hymenium directly, thick- 
ness of layers depends on luxuriance of growth and habitat factors as 
well as location of warts, ridges and depressions between these ; hyphae 
(1—)2-3.5 » in diameter, hyaline when single, yellow when seen in mass, 
with abundant clamps; no sterile organs in context nor subhymenium ; 
hyphal walls apparently not gelatinous ; crystalline material dark, present 
in some specimens in zone below hymenium, crystals 7-15 p in diameter ; 
hymenium composed only of basidia, basidia 15-18-21 x 3-5 p, 4-spored, 
clamped at base; sterile organs projecting from hymenium appear to be 
merely proliferations from basidia formed by abnormal growth or poor 
drying conditions ; spores cylindric to slightly curved, apiculate, smooth, 
hyaline, (5—)6.5-8(—10) 2.5-4 p, amyloid in Melzer’s reagent. 

Tyre specimens examined of: Phlebia mellea Overholts. 

Habitat: On rotting wood, usually of coniferous trees, but also on 
hardwoods, including : Abies alba, A. amabilis, A. arizonica, A. balsamea, 
A, concolor, A. grandis, A, lasiocarpa, A. magnifica, A. magnifica var. 
shastensis; Acer sp., A. saccharum; Alnus sp., A. incana, A. tenuifolia; 
Betula sp., B. alba var. papyrifera, B. lutea; Corylus avellana; lagus 
sp., /. grandifolia, F. silvatica; Larix occidentalis; Picea sp., P. cana 
densis, P. engelmannii, P. parryana; Pinus sp., P. albicaulis, P. contorta 
var. latifolia, P. monticola, P. ponderosa; Populus sp., P. tremuloides; 
Prunus virginiana var. melanocarpa; Pseudotsuga taxifolia; Quercus 
sp., QO. kelloggii; Sequoia gigantea; Thuja plicata; Tsuga heterophylla, 
mertensiana, 

Distribution: North America: United States: Arizona (4), California 
(33), Colorado (6), Idaho (28), Ilinois (6), Kansas (1), Kentucky 
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(2), Maine (1), Michigan (11), Montana (11), New Hampshire (1), 
New Mexico (7), New York (19), Oregon (9), Pennsylvama (06), 
Vermont (3), Washington (10), West Virginia (1), Wisconsin (4) ; 
Alaska (2): Canada: British Columbia (25), Nova Scotia (1), Ontario 
(40) ; Europe: Austria (1) Czechoslovakia (5), Germany (1), Hungary 
(1), Italy (1), Russia (1), Sweden (3). 

In some collections of this species stalactite formations are produced 
when the fungus is fruiting on a down log lying near the ground. The 
stalactites are formed between the main fructification on the log and the 
soil whether over nearby sticks or not. The hyphal tissue of the con 
text is a very loosely woven mass of branching and anastomosing ropes 
of hyphae over which a hymenium may be produced which may have 
the characteristic warts in well developed specimens. The spores on 
such specimens appear to be slightly smaller than those of normal 
fructifications. 

This species presents nomenclatural problems common to poorly 
known species represented in local herbaria by only a few specimens 
With this species, as with others, a knowledge of the different forms 
found at different seasons in the field both in fresh and dry condition 
would help in understanding specimens as they are found in herbaria and 
as they are sent in for identification. In his herbarium and notes Over 
holts recognized P. americana, but his specimens and notes agree well 
with specimens and his description of P. mellea, so this material is as 
signed here. In herbarium and correspondence, specimens of this spe 
cies were assigned by Burt to the unpublished species ?. melleopallens 
The variety and forms of P?. macra proposed by Pilat in 1938 seem to 
the writer to be only color phases not worthy of separate recognition 
From the descriptions and duplicates seen these are hardly even good 
color variants of the species and so they are reduced here to synonymy 

In herbaria the following names have been used. The writer has 
not been able to find citations to these species in the literature and they 
may be nomina nuda: P. candida, P. marginata, and P. centrifuga vat 


cervinn., 


Phlebia subalbida sp. nov. 


Pileis et contextu ut in P. albida; hyphis nodoso-septatis, non gelatinosis 
cystidiis hymenialibus clavatis, 20-40 x 9 124; basidiis 16-20 3.5-4.5 4; spor 


cylindratis vel allantoideis, hyalinis, apiculatis, 6-7 * 2-3 yw, lenibus, amyloideis 


Fructification with habit and appearance of P. albida; hyphae not 
gelatinized, with abundant clamps; hymenium composed of hyaline 
basidia and hymenial cystidia; hymenial cystidia abundant, easily foreed 
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out in smash mounts, base irregular, body clavate, 20-40 x 9-12 », very 
thin-walled, brown in Melzer’s reagent; basidia 4-spored, 16-20 « 3.5- 
4.5; spores cylindric to sharply curved, hyaline, apiculate, smooth, 


6-7 * 2-3, amyloid in Melzer’s reagent. 


Habitat; On rotting log of Abies magnifica. 

Type and specimen examined: Gold Lake Lodge, Plumas Co., Calif., 
July 29, 1942. Collected by Lee Bonar. University of California 40573. 

This specimen is considered distinct from the preceding on the basis 


of the presence of cystidia. 


Phlebia canadensis sp. n. 

Pileis 8.5% 4 cm, lutescentibus, plicis brunnescentibus; margine distincto; 
hyphis hyalinis, non gelatinosis, saepe nodoso-septatis, in contextu 3-44, in sub- 
hymenio 2-3 diam.; cystidiis hymenialibus lutescentibus, clavatis, 14-18(—25) x 
3-5 uw; basidiis 14-18(-—25) u; sporis ovatis, hyalinis, apiculatis, 3.5-4.5 


2-2.5 

Fructification ovate, 8.5 X 4 cm in extent, margin even, smooth; 
color yellow, with brownish ridges; hyphae not appreciably gelatinized, 
hyaline, clamped sometimes, 2-3 » in diameter in the hymenial region, 
3-4» in diameter in the context, granule-incrusted in the hymenial 
region, lower context hyphae thick-walled; hymenium composed of 
basidia and cystidia, covering warts and ridges, hymenial cystidia yel- 
lowish, clavate-enlarged above, 14-18(—25) x basidia 4-spored, 
14-18(-25) spores ovate, hyaline, smooth, apiculate, 3.5-4.5 
X 2-2.5 p. 


Habitat: On unidentified wood and on wood of Acer spicatum. 

Tyre: Long Point, Lake Temagami, Ontario, Canada, Aug. 16, 
1939, Collected by H. S. Jackson. University of Toronto 18/50, 

Additional Material: Bear Island, Lake Temagami, Ontario, Canada, 
Aug. 12, 1935. Collected by H. S. Jackson. University of Toronto 
S602, 

This specimen is considered distinct from other Phlebias because of 


its eystidia and the size and shape of its spores. 


Phlebia murrillii sp. nov. 


Pileis separabilibus, resupinatis, 2 cm diam., colore olivaceo, margine 1 mm 
lato, albo, subtomentoso; hyphis hyalinis, 3-5 « diam., saepe nodoso-septatis ; basidiis 
21-35 * 3-44; sporis cylindratis vel suballantoideis, apiculatis, lenibus, hyalinis, 


O-~-4 A 2.5-3.5 p 


Fructification elliptic, separable, resupinate, up to 2 cm in diameter ; 


color bright olive green with white cottony to fimbriate margin up to 
1 mm wide; hymenium covering ridges and somewhat elongated warts 
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which appear to originate at a central point; fructification in section 
750 » thick, composed of compact, parallel hyphae ; hyphae hyaline, 
3-5 » in diameter, thick-walled toward the substratum, thin-walled to- 
ward the hymenium, with few clamps; hymenium composed only of 
basidia, basidia clavate, 21-35 x 3-4, 4-spored; spores cylindric to 
suballantoid, apiculate, smooth, hyaline, 6-7 x 2.5 39m 


Habitat: On fallen long leaf pine branch. 

Type and specimen examined: Gainesville, Alachua Co., Florida, 
Oct. 19, 1950. Collected by W. A. Murrill. Herbarium of the State 
University of lowa, and of Wm. Bridge Cooke 

This specimen is distinct from other specimens of Phlebia examined 
because of the color and configuration of the hymenium, the paucity ot 
clamps, the size and shape of the spores and the lack of sterile organs 
in the hymenium or subhymenial regions. The specimen was collected 
on branches fallen after a wind storm by W. A. Murrill who sent tt to 
G. W. Martin, who kindly sent it to the writer. It isa pleasure to dedi 


cate this species to its « ollector, a life-time student of the Hymenomycetes 


SPECIES NOT AVAILABLE FOR STUDY 
PHLEBIA sopiror Pat., Bull. Soc. Myc. Fr. 8: 116. 1892. 


This species is described by Patouillard as follows 

P. resupinata, tenuis, 1/2 mm crassa, papyracea, longitudinaliter 
elongata (10-15 cm) margine reflexo; hymenio ceraceo, carneo-ruto , 
plicis tenuibus, confertis, obtusis, frequenter interrupts, hine inde orbiceu 
lariter dispositis ; subtus villosa, albida, zonata 

It was originally reported on bark from Pallatanga, Iccuador, m 
August. In 1938 Rick reported finding this in Brazil. He indicated 
that he thought it merely a transformed Schizophyllum commun with 
out gelatinization. His description of his collection follov 

Resupinata, tenuis, papyracea, longitudinaliter elongata, margine re 
flexo, subtus villosa, albida, zonata, hymemo ceraceo, carneo-rulo plici 
tenuibus, confertis, obtusis, frequenter interruptis, hine inde orbiculariter 
dispositis; sporis 6-7 * 3p. In ligno. 

Rick placed P. deglubens Jerk. in synonymy with this speci 

\ specimen from Ri k at the Farlow Herbarium 1s insufficient tor 
obtaining an adequate idea of this species. It does not appear to be 
represented in other herbaria whose material was studied 


Of the following species no material ha been seen and the original 


des« ription or that found in Saceardo Is pre sented here 
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PHLEBIA SORDIDA Rick, Broteria 7:6. 1938. 


Resupinata, subgelatinosa, sordida, anguste lirosella, margine aquosa 


farinosa; sporis 4-5 X 3p. In ligno. Brazil. 


PHLEBIA CORIACEA Berk., Jour. Linn. Soc. Bot. 18: 385. 1881. 


Pileo spathulato coriaceo fuslo, venis irregularibus. On the ground. 


Rockhampton, Australia. 


PHLEBIA BLUMENAVIENSIS P. Henn., Hedw. 36: 198. 1897. 


Omnino resupinata effusa, tenui-papyracea subceracea, subiculo pal- 
lido fimbriato ; hymenio venoso plicato, olivaceo, margine rufo-brunneo, 
rugis radiato-cristatis ; sporis subcylindraceis hyalinis, 3 * 1 yp. 

Hab.: ad lignum pr. Blumenau Brasiliae (Moller). 


PHLEBIA MOELLERIANA P. Henn., Hedw. 36: 198. 1897. 


Subgelatinoso-ceracea sicco tenui membranacea, rigida resupinata 
effusa, brunneo-aurantiaca ; hymenio interrupte radiato, rugoso-cristato ; 
sporis oblongis, hyalinis, 3-4 * 1.5 p. 

Hab. in ligno vetusto pr. Blumenau Brasiliae ( Moller ). 


Pucesia erecta Rea, Trans. Brit. Myc. Soc. 5: 252. 1916. 


ffusa, erecta, clavata, ceracea; clavulis cylindraceis, 1-3 cm longis, 
2-3 mm crassis, apicibus obtusis vel acutis, levibus, ex valde incarnata 
nigrescentibus, basi albo-flocculosis. Sporae hyalinae, reiniformes, 4—5 
x 2-3 p, 2-guttulatas. 

Inter muscos ad terram deustam juxta truncos adustos Pruni spi- 
nosae. Near the Paradise, Crimscote Downs, Whitechurch, Warwick 
shire, England, 25th October, 1915, Rev. J. Harvey Bloom. Distin- 


guished by its erect, Clavaria-like habit. 


DOUBTFUL AND EXCLUDED SPECIES 


Phlelia cervina Overholts, Mycologia 22: 240. 1930. Overholts (Bull. Torr 
Bot. Cl. 66: 531. 1939) referred the specimens so published to Stereum pini 
(Fr.) Burt 

Phlebia tremelloides Berk. & Curt., Acad. Nat. Sci. Phil. Journ. Il. 2: 278 
1854 [1853], (Auricularia tremelloides Schw., in litt.), is referred by Lloyd to 
P’seudohydnum quepinioides Rick in Myc. Writ. 5: 859. 1919. 

Phlelia coccineo-fulva Schw., Am. Phil. Soc. Tr. IL. 4: 165. 1832, is Penio- 
phora coccineo-fulva (Schw.) Burt. 

Phlebia vaga Fr., Syst. Myce. 1: 428. 1821, is Phlebiella vaga (Fr.) Karst 
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Phlebia lirosella Pers., Myc. Eur. 3: 2. 1825, is Hymenochaete tabacina (Sow 
ex Fr.) Lév. according to Bresadola in Sacc., Syll. Fung. 23: 480 
Phlebia hydnoidea Schw., Am. Phil. Soc. Tr. IIL. 4: 165. 1932, is Odontia 


lateritia B. & ¢ 
Phiebia mesenterica (Pers.) Fr., El. 1: 154. 1828, is Auricularta mesenterica 


Pers 
Phlebia merulioides Lloyd, Myc. Writ. 4: 537. 1915, is a Serpula, probably 


one of the common small spored species 
Phlebia castanea Lloyd, Myc. Writ. 7: 1108. 1922, is a doubtful Phlebta At 
present it is probably better rete rred to Merulius 


Phaeophlebia gen. nov. 

Auricula Lloyd, Myc. Writ. 7: 1152. 1922, non Auricula O. Kuntze 

Auricularia. 

Phlebia Fr., sensu Auctt. 

Auricularia Fr., p.p. sensu Bresadola 

Pileis reflexis, brunneis vel atro-brunneis, margine lutescente brunnco, tricho 
dermaticis, zonatis; plicis hymenialibus irregularibus; hymenio ex homoblasidiis, 
gloeocystidiis, et dendrophysibus tormatis; sports lenibus, primo hyalinis vel lutes 
centibus deinde flavulo-brunneis; hymenio brunneo, substantia amorpha, granulosa 
conglutinato 

Fructification resupinate to usually reflexed, dark brown with a 
bright-yellow-brown margin, surface of reflexed portion with a tricho 
derm, becoming zonate, surface of hymenium covered with warts and 
folds; hymenium composed of homobasidia, gloeocystidia and den 
drophyses; spores smooth, at first hyaline, finally faintly yellowish to 
pale brown in color; hymenium cemented with material which im mounts 


appears as irregular, brown amorphous granules. 


Type: Phiebia strigoso-sonata (Schw.) Lloyd. 

This genus is considered distinct from Phiebia on the basis of the 
hymenial structures, the color of the pileus, and the brown granular 
material in the hymenium. According to the writer's present concept 
of this genus it is not classified with the genus Phlebia in the Merulia 
ceae, nor does it belong with the complex of hydnaceous fungi At 


present it appears to be best placed near Stereum or Hymenochaete in 


the Thelephoraceae, or near Gloeoradulum in the Hydnaceae. 
While Lloyd originated this generic concept, no formal description 
has ever been presented ; thus, with the formal English description, a 


Latin description 1s presented, 


Phaeophlebia strigoso-zonata (Scliw. ) comb. nov, 


Auricularia persistens Sow., Ill. Eng. Fungi, pl. 388. 180 
Merulius strigoso-conatus Schw., Trans. Am. Phil, Soc. n.s 4: 160. 1832 
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Phlebia rugisissima Léy., Ann. Sci. Nat. Bot. JIL. 2: 214. 1844. 

Exidia tenuis Léyv., Ann. Sci. Nat. Bot. Il]. 2: 214. 1844. 

Phlebia reflexa Berk. in Hook, Lond. Journ, Bot 4: 340. 1845. 

Phlebia orbicularis B. & C., Journ. Bot. & Kew Mise 1: 237. 1849. 

Phlebia rubiginosa Berk. & Rav. in Ravenel, Fungi Car. 3:22. 1855. nom. nud. 

Phlebia conata Berk. & Curt., Grevillea 1: 146 1872 

Phlebia rubiginosa Berk. & Rav., Grevillea 1 146. 1872. 

Phlebia hispidula Berk., Linn Soc. Bot. 13: 167. 1873. 

Phlebia anomala Berk. & Rav., Grevillea 1: 146 1873. 

Corticium hepaticum B. & C., Grevillea 1; 180 1873 

Phlebia pileata Pk., Ann. Rept. N. Y. St. Mus 29: 45. 1878 

Auricularia sordescens Ces., Atti R. Accad. Sci. Phys. Mat. Napoli 8: (Re 
print pagination 10) 1879 

Stereum lugubris |!| Cooke, Grevillea 12: 85. 1884 

Hirneola tenuis (Lév.) Sacc., Syll. Fung. 6: 769. 1888 

Thelephora stereoides Cke. & Mass., Grevillea 18: 6. 1889. 

Phlebia spilomea B. & C. in herb. ex Cooke, Grevillea 20: 3. 1891 

Auricularia tenuis (Léy.) Farl., Biblio Index 309. 1905 

Auricularia butleri Massee, Kew Bull. 1906: 94 1906 

Auricularia reflexa (Berk.) Bres., Ann. Myce. 9 273. 1911 

Auricularia rugosissima (Lév.) Bres., Hedw 53: 78. 1913 

Phlebia strigoso-zonata (Schw.) Lloyd, Myce. Writ. 4 Letter 46: 6. 1913 

Auricula strigoso-sonata (Schw.) Lloyd, in herb. Nat. Fung. Coll 

Auricularia rugosissima resupimata, herb 

Stereum ceriferum Wakefield, Kew Bull. 1915: 370. 1915 

Auricularia strigoso-conata (Schw.) Bres., Ann. Mycol, 18: 70. 1920 

Stereum hispidulum (Berk,) Cunn., Linn. Soc N.S.W. 77: 284. 1953 


Fructification resupinate or more commonly reflexed, becoming con- 
fluent for large patches, individual fructifications remaining noticeable 
by centers of radiation of warts and ridges and by type of merging of 
confluent fructifications ; color dark red-brown when fresh with bright 
yellow to yellow brown margins, becoming dark brown to blac k in age 
or on drying, sometimes developing a glaucescent bloom on the hy- 
menial surface; surface of pileate portions short-hairy with a tricho- 
derm, becoming zonate, when fresh, yellow to golden or dark brown, 
when dry or old, fawn to grey in color; surface of hymenium cov- 
ered with warts and folds, brown to dark brown or black with 
a grey or whitish bloom in some specimens; receptacles in section 
900-1200 » thick, warts and ridges up to 300 » high, the tissue of the 
context in rather well defined zones, the area next the substratum of 
olive-black parallel hyphae, compactly arranged, 5p in diameter, with 


clamp connections, forming a trichoderm on the surface of pileate por- 


tions : next to this the context formed of hyaline hyphae fairly compa tly 
arranged, 3-5 in diameter, walls gelatinously thickened, with clamp 
connections : the hymenium arising directly from this tissue, which forms 
four-fifths of the thickness of the fructification ; hymenium formed of a 
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compact palisade composed of hyaline basidia and yellow dendrophyses 
and gloeocystidia; gloeocystidia 20 35 x 3.5-Syp, yellow, abundant, ir- 
regular to highly distorted in outline, when mixed with the dendrophyses 
appearing as auriculariaceous basidia ; dendrophyses 20-35 x 1-2 p, not 
dichotomously but irregularly branched, or simple, yellow, ultimate 
branches thread-like ; basidia homobasidiate, 4-sterigmate, x3 
4 p, difficult to demonstrate in most sections ; spores ovate, smo ith, apicu 
late, with granular contents, flattened on one side, nearly hyaline to pale 
yellow or pale brown in color at maturity, 6.5 7.5(-8) k 3-4; hy 
menium cemented with brown material breaking up into amorphous 
granules which have been variously misinterpreted as conidia, spores 


or crystals. 


Tyre specimens examined of: Verulius strigoso-conata Schw., 
Phlebia anomala Berk. & Rav., Phlebia pileata Pk., Phlebia rubiginosa 
Jerk. & Rav., Phiebia conata B. & C. 

Habitat: On decaying wood of hardwood trees, in North America 
primarily on species of Populus but occasionally found on other hosts, 
in the tropics on wood of various broad-leaved species which are rarely 
identified by the fungus collector Reported hosts im lude: North 
America: Acer sp., A. saccharum; Alnus sp., A. incana; Betula papy 


rifera, B. popultfolia; Carya sp., C. fovata; ( ?Castanea dentata) ; Cory 


lus sp.; Fraxinus sp. ; Populus sp., P. acuminata, P. acutissima, P alba, 
P. deltoidea, P. grandidentata, P. tremula, P. tremuloides, P. tricho 
carpa; Prunus sp., P. pennsylvanica, P. serotina; Quercus sp., Q. minor, 
Q. stellata, Q. tinctoria; Salix sp. Asia and the tropics: Dracontoma 


lum mangiferum, Persica sp., Pstdium gquajava, Shorea guise, (5 hj 
color), Zisaphus sp., Strombosta philip pinensis. 

Distribution: North America: United States: \labama (2), Arkan 
sas (2), Colorado (1), Connecticut (4), Delaware (2), Georgia (1), 
Illinois (2), Indiana (7), lowa (23), Kansas (2). Kentucky (1), Loutsi 
ana (3), Maine (11), Massachusetts (8), Michigan (31), Minnesota 
(9). Missouri (4), Montana (2), New Hampshire (27), New Yorl 
(101), North Dakota (2), Ohio (4), Pennsylvania (17), Rhode Island 
(1). South Carolina (8), South Dakota (4), Tennessee (1), Vermont 
(12), Wisconsin (26); Canada: Alberta (1), British Columbia (6 
Manitoba (5), New Brunswick (1), Nova Scotia (5), Ontario (80), 
Prince Edward Island (1), Quebec (4); Europe: Russia (1): South 
America: Brazil (2), Chile (1), Venezue la (1): Central America 
Mexico (3); Asia: Formosa (1), ¢ hina (9). India (1), Korea (1 
Japan (4), Malaya (4); South Pacific area: Australia (17), Philippine 


Islands (38), Dutch East Indies (1). Borneo (1), New Guinea (3), 
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Madagascar (1), Tasmania (5), Java (3), Sumatra (2), New Zea- 
land (2). 

While Burt in Ann. Mo. Bot. Gard. 13: 243 refers Cortictum hepati- 
cum B. & C. to Corticium lividum Pers. doubtfully, he placed it in 
Stereum in an unpublished combination in his herbarium according to 
specimens in the Farlow Herbarium. On the packets he sketched den- 
drophyses as producing conidia although the bodies he saw were more 
likely the rather regular amorphous masses of matter cementing the 
hymenial elements. 

Morphologically the material from eastern North America and British 
Columbia appears to be identical with material from the tropical regions 
of the world. Tropical material appears to be more luxuriant, the 


specimens are larger, but structurally there is no differentiation between 


them. It is interesting that two geographic “races” appear to have 
developed in this group. The one from North America grows most com- 
monly on various species of poplar and aspen. [Except for three collec- 
tions from British Columbia it has not been collected west of central 
Montana and the Black Hills of South Dakota although Populus tremu- 
loides, a common host in the eastern United States, is very common 
west of those regions. The species does not extend into the extreme 
southeastern United States so that there is a wide geographic gap 
between the two “races.” The tropical form of this species occurs ex- 
tensively and on a wide variety of host plants. Occasionally it extends 
out of the tropics, especially in China and Japan where it appears to be 
common, having been collected on beams of mushroom beds in Japan 
as well as on a number of species of woody plants. The problem of 
whether or not there are two species, two varieties, two “‘races,”” or 
simply a polymorphic species with discontinuous distribution must await 
solution by experimental taxonomic methods. 

Within Phlebia as detined above there appear to be three general 
tendencies of development. Of these the most restricted in distribution 
is P?, murrilli which was accidentally found on pine branches which had 
blown from a tree during a storm. Here the pigmentation is different 
and no sterile organs occur in the hymenium. A second group has red 
pigmentation in the hymenium or in the hymenial or subhymenial organs. 
The commonest species of the genus, ?. radiata, which occurs in this 
group, has tramal cystidioles, and P. cystidiata has in addition hymenial 
cystidia. /. celtidis has no sterile organs and is found in the least 
favorable habitat of any of the species, the dry desert-like slopes of the 
Clearwater River Canyon in northern Idaho. Gloeocystidia occur in 
this group in two species which are widely separated geographically : 


CooKE: PHLEBIA 405 


P. atkinsoniana from New York, and the species with the largest spores 


in this group, ?. argentinensis, represented by but one collection trom 


Argentina. The second most widely distributed species of the genus, 
P. albida. seems to be the focal port of a third group, one in which the 


hymenium appears dry to resinous, whitish to resinous brown, and in 


which sterile organs are lacking although these appear in the other two 
species of which one, ?. canadensis, has smaller spores and cystidia, the 
other, P. subalbida, has larger. 

However, evolutionary tendencies in this genus are difficult to dis 
cuss, especially when less than 5% of the studied specimens represent 
78% of the species which are considered novelties. As additional col 
lections are studied, and the distribution of the novelties becomes better 
known, the relationships of the species may become better under stood 

The writer wishes to take this opportunity to express appreciation 
to the curators of the listed herbaria for the loan of specimens; to Miss 
Elizabeth C. Bridge for assistance in preparing the Latin diagnoses ; 
and to Dr. D. P. Rogers for aid in clarifying certain passages and in 
checking some of the references and synonyms. 
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USTILAGINALES OF BIHAR. I. TWO NEW 
SPECIES 


J. N. 


(with FIGURE) 


In the vear 1954, the author came across heavily smutted plants of 


Isachne dispar Trin. on the Netarhat Plateaux at an altitude of about 
3500 ft. above sea level. This plant 1s common there in paddy fields 
and pastures during the winter, and is used as fodder for cattle. The 


infected plants attract attention through the prominent black smut sort 


dispersed among white healthy flowers. The smut on examination was 


found to be a species of Sphacelotheca which has not yet been described. 


The following name is proposed for this new smut. 


Sphacelotheca monakai sp. 
Sori in ovariis nonnullis, glumis persistentibus inclusi atque circumdati pert 


dermio aliquantum crasso quod ad maturitatem 1 frustula rumpitur atque sporarum 
massam fuscam patetacit, plus minusve aeque magni ac Ovarium, Ca 2 mm longi, 


ornati parte quadam plantae hospitis textus, quae lords eminens columellam sim 


steriles peridermii connexae, sporis minores, hyalinae 


plicem representat. Cellulae 


atque tenul pariete yraeditae, plure catervatim unitae sparsae Im circum spo 
| 


rarum massas. Sporae dense echinulatae, pallide rubro-brunneae, globosae_ vel 


tenuiter ovatae, nonnumquam oblongae, magnitudine 7.5-13.5 medietate 10.3 


Sori in ovaries, enclosed among persistent glumes and surrounded 


by a rather thick peridium, which flakes away early at maturity to dis 
close the dark spore mass, about as big as or slightly bigger than ovary, 
about 2 mm long, and with a portion of thick host tissue representing 
the simple columella projecting out. Sterile cells of the peridium joined 
together, smaller than spores, hvaline and thin walled, large groups of 
them interspersed in the sorus around groups of spore masses. Spores 
prominently echinulate, pale reddish brown, round to slightly oval, occa 
sionally oblong, measuring 7.5 to 13.5», average 10.3 p 


Habitat in ovaries of [sachne dispar Trin., Netarhat, Bihar, India, 


collected by J]. N. Mishra, 25-11-1954. 
The smut differs from Sphacelotheca isachnes (Syd.) Ling, Myco 


logia 41: 262. 1949, The sorus of S. isachnes is in the inflorescence, 
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and its spores are verrucose and slightly larger. The type specimen has 


been deposited in Herb. RBG, Kew, England, and in the National Her- 
barium, L.A.R.I., New Delhi. 

The same year the author collected, among other fungi, a very in- 
conspicuous smut on Eriocaulon sp. along a river bank thickly over- 
grown with the plant. The infection was, however, very small, only a 
few patches here and there being infected with the smut. The smut 
appeared to be systemic and all the flowers in a head and all the heads 
in a clump were infected. The infected heads appeared to be very 
faintly darker than the healthy ones and on closer examination there 
appeared pin-point dark spots, especially towards the base of the head. 
On rubbing the flowers, especially from the base of the infected head, 
between fingers, the sori are crushed and the smut becomes evident as 
a powdery coating on the fingers. The smut on examination appeared 
to be an undescribed species of Ustilago. The following name is pro- 


posed for this new smut. 


Ustilago jagdishwari sp. nov. 


Sort micros« opicl, in ovulis; ovaril pari tes firmi circum sorum acd maturitatem 


rumpuntur atque liberant sporarum massam nigram in glumas persistentes. Sporae 
pallide rubro-brunneae, ovatae vel globosae, nonnumquam elongatae, raro al gulares, 
magnitudine 10.5-15.0 4, medietate 12.74; episporium moderate crassum atque 
laceve vel tenuite asperum. 


Sori microscopic, inside ovules; the firm ovary wall round the sorus 
rupturing at maturity and releasing the black spore mass on the per- 
sistent glumes. Spores light reddish brown to reddish brown, oval to 
globose, sometimes elongate, rarely angular, measuring 10.5 to 15.0», 
average 12.7 »; the epispore moderately thick and smooth to slightly 
rough. 


Habitat in ovules of Eriocaulon sp., Dumka, Bihar, India, 20-10 
1954. 

This smut differs from Utilago eriocauli (Massee) Clint. (Cintractia 
eriocauli Mass.) in Herb. RBG, Kew, in that the sori of U. ertocault 
are in ovaries, whereas those of LU’. jagdishwari are in the ovules and can 
be detected only by microscopic examination. The spores of lL’. erto- 
cauli are smaller and minutely verrucose, besides being much lighter 
in color, 

The smut does not match with Ustilago eriocauli (Mass.) Clint, 


(Syn. Cintractia eriocauli) Mass. in Herb. RBG, Kew, England. The 
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type specimen has been deposited in Herb. RBG, Kew, [england and in 


the National Herbarium, I.A.R.L, New Delhi 
The author is grateful to Dr. M. B. Ellis of the Commonwealth 
Mycological Institute, Kew, England, for his kind help and suggestions, 


and to the Rev. Father Dr. H. Santapau ot the Botanical Survey of India 


for the Latin diagnoses 
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THE RELATIONSHIP OF CUDONIELLA AND 
HELOTIUM 


E. B. Matns 


(witht 9 FIGURES) 


In the course of a study of the Geoglossaceae of North America it 
became necessary to determine the status of the genus Cudoniella since 
it has been included in several treatments of the family and Linder 
(1947) has described two species for North America. Cudomiella was 
described by Saccardo (1889) who placed it in the subfamily Geoglos- 
seae of the Helvelleae. This subfamily is now generally treated as a 
family, the Geoglossaceae in the Inoperculates, and Nannfeldt (1932) 
places it in the Helotiales. Saccardo gave the following description : 
“Ascoma hemisphericum, subtus concavum, margine involutum, stipi- 
tatum, ceraceo-carnosum. Asci paraphysati octospori. Sporidia tusot- 
dea, hyalina, continua y. plasmate 2-4-partito demum simulate 1-—3- 
septata.” He included four species, 1. C. marcida (Mull.) Sacc., 2. 
C. queletii (Fr.) Sace., 3. C. stagnalis (Quél.) Sace., 4. C. aquatica 
(Lib.) Sace. It seems evident both from the name and the description 
that Saceardo’s concept was a genus similar to Cudonia but having 
fusoid instead of acicular ascospores. Schroeter (1897), Rehm | 1895), 
Clements and Shear (1931), and others have recognized it as a genus 
of the Geoglossaceae. On the other hand Durand (1908), in his mono- 


graph of the Geoglossaceae of North America, concluded it was ill 
founded and that the species should be placed elsewhere. Imai (1941) 
has reached similar conclusions. Nannfeldt (1932) concluded that the 
genus consists of heterogenous elements, principally forms with for 


tuitously convex hymenia (zufallig konvexen Hymenien). Dennis 
(1954) has stated that Cudoniella has been used for species of Helotium 
having strongly convex hymenia. 

The confusion concerning Cudoniella has been due to uncertainties 
concerning the identities of the species included by Saceardo. C. mar- 
cida was included in Leotia by Fries (1822) and the ascocarps were 
described as ‘subtremellosa.” Durand states that all the specimens 


1 Paper from the Herbarium and Department of Botany of the University of 
Michigan. Published as excess pagination from the funds of the Herbarium 
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Leotia lubrica and it 1s usually so treated 


a Helotium by Quelet (1883) 


which he examined were 


C. stagnalis was originally described as 
and later (1886) placed in Cudonia. Ouélet described and illustrated 


a fungus with small stipitate ascocarps, COmVEeX pilei and narrowly ellip 


soid spores. Not much more 1s known concerning it. (©, aquatica was 
originally described as Leotia by Roumeguere (1880). (uelet (1886) 
placed it in Cudonia. Durand concluded that it is Ombrophila clavus. 
Von Hohnel (1918) has decided that O. clavus is a Helotimm 
There is more information concerning Cudoniella queleti. It 


described by Fries (1867, p. 56, footnote) as follows from a collection 
albo fuliginea, 


Was 


sent to him by Quélet, “mitra carnoso-ceracea CONVEXA ©% 
subtus granuloso pulverulenta, stipate solido elastico sulcato ex albo 


fuligineo, sporis magnis, navicularibus bilocularibus. In quercetis Jurae 


vere et autumno.” Quélet (1873) also treated the species as a Cudonia 
and gave the spores as navicular, 20 » and 2-celled. Cooke | 1879), who 
included species of Cudonia in Leotia, describes Leotia (Cudoma) que 
letii from notes and specimens from Quelet. He describes the ascocarps 
as one inch long with slender stipes and convex pilei and the ascospores 
as fusoid, 25-28 x 4p, finally uniseptate. 

There is a specimen from the herbarium of George Massee in the 
herbarium of the New York Botanical Garden which is labeled //elotiem 


aciculare on the outer cover and on the inner packet the data “Cudonia 


queletii Fr. Jura. Ex. Dr. Cueélet.”” It contains one brownish ascocarp 
having a slender stipe 10 mm long and a very convex pileus 3 mm wide, 
the margin involute. The ascospores are subfusoid or cymbiform, 16 
20 x 4-5, mostly 1-celled or rarely 1-septate with slightly gelatinous 
specimen of 
Cudonia queletii. A specimen, Roumeguere Fungi Gall. Ex, 1210, ot 
Cudonia queletii in the herbarium of the New York Botanical Garden 
The asci are clavate, 100-110 x 10» and the ascospores 
subfusoid to cymbiform, 14-20 X 4p, 1-celled or 1-septate with slightly 
the spores are smaller than given by Cooke and more 


walls. It seems safe to assume that this is an authentu 


is similar. 


gelatinous walls ; 
in agreement with the size given by (Quelet. 
Cooke (1879) following his discussion of Leotia (Cudonia) queletu 


stated that “we are not convinced that this 1s not a condition of Helotium 


Fr. The one passes insensibly into the other.” Phillips 
Fries (1822) 


/ 


aciculare 
(1887) treats it as a synonym of Leotia acicularts Pers 
as a synonym of Peziza (Helotium) actcul 
Schroeter (1893) transferred 
Rehm (1895) 


gave L. acicularis Pers aris 


later recognized as Helotium acu ular. 
H. aciculare to Cudoniella without mentioning C. queletu 
included it in Cudoniella with C. queletti as a synonym From the 
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descriptions given by Fries, Schroeter, Kehm, Saceardo as well as 


specimens of Helotinm aciculare which have been studied, it is con- 


cluded that Cudonia queletii Fr. and Helotium aciculare Fr. are con- 
specific. It is probably on this basis that Clements and Shear (1931) 


give C. acicularis as the type for the genus Cudoniella. Since Cudo- 
niella queleti can be definitely identified and agrees with the concept of 
the genus given by Saccardo, it seems logical to accept this selection. 
In an attempt to determine the position of Cudontella acicularis in 
relation to species of the Geoglossaceae and those of the Helotiaceae, 
especially of Helotium, additional complications have been encountered. 
White, who was engaged at the time of his death in a monographic study 
of Helotium, apparently recognized Cudoniella as distinct from //elo 
tium, since he states in his paper (1942a) concerning species of //e/otium 
reported by Peck from New York that “//elotium aciculare Fr. = Cudo- 
niella acicularis (Bull. ex Fr.) Schrot.”” White unfortunately published 
only four papers (1942a, 1942b, 1943, 1944) giving results of his studies 
for a few of the species. He states that the genus in its present broad 
sense is a heterogenous group of species. He apparently had not 
reached conclusions concerning its delimitation and made no statement 
concerning the type. It has been generally accepted that //elotium was 
established by Fries in his Summa Veg. Scand. 1849. He included 48 
species of considerable diversity. The selection of a lectotype, there- 
fore, was important and on account of the number of possibilities several 
different selections have been made. The first species given by Fries 
is 1. aciculare and Seaver (1951) gives Helvella acicularis Bull. 
(= Helotium aciculare) as the type of Helotium, Clements and Shear 
(1931) selected Helotium citrinum as the type. Von Hohnel (1918) 
has considered Helotium herbarum as typical. According to a change 
in the International Code of Botanical Nomenclature adopted at the 
Stockholm meeting in 1950 by the International Botanical Congress, 
the starting point for valid publication of the “fungi caeteri,”” including 
the Discomycetes, is Jan. 1, 1821. It makes valid a publication by 
Mérat (1821) which Rogers (1951) has pointed out was published 
June 9-15, 1821. In this, //elotium was treated as a genus and only 
two species, 1. H. agariciforme and 2. H. fimetarium, were included. 
The identity of the latter is uncertain. Merat gives /elvella acicularis 
(= Helotium aciculare) as a synonym of Helotium agariciforme. Fries 
in the Systema gives Helotium agariciforme as a synonym of //. acicu- 
lare and they have generally been considered as conspecific, It seems 
necessary therefore to accept //elotium aciculare as the type of Helotium. 


Cudoniella therefore becomes a synonym. 
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Fics. 1-6. Helotium aciculare A.H.S. 50396. 1. Ascocarps, approx 
2. Ascocarps, approx. * 6. 3, 4. Longitudinal sections of ascocarps, approx 
Asci, ~ 900. 6. Ascospores, * 900 7. Ascospores of Cudontella acicularis | H 
4400, 900. Fics. 8,9 Ascospores from the type of //elotium cudontoides SOO 


Figs. 3-9 from preparations stained with migrosin 
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Seaver (1951) does not include H. aciculare in his treatment of 
North American Inoperculates. However, he includes 1. cudonioides 
Seaver, which is that species. Also North American specimens of the 


species have been studied from the Farlow Herbarium, herbaria of New 


York State Museum, New York Botanical Garden, and University of 
Michigan. The writer is indebted to the Curators, J. Mackenzie Lamb, 
Stanley Joy Smith and Donald P. Rogers, for the loan of specimens 


The following description has been prepared. 


HeLOTIUM ACICULARE Fr. Summa Veg. Seand. 354. 1846. (Fics. 
1-9) 


Helotium agariciforme Mérat. Nouv. Fl. Paris 1: 19. 1821. 

Pesiza acicularis Fr. Syst. Mye. 2: 156. 1822. 

Cudonia queletu Fr. Icones Sel. Hymenomyceten 1: 56 (footnote ). 
1867. 

Leotia queleti Cooke. Monograph. Icones Fung. 1: 220. 1879. 

Cudoniella queletu Sace. Syll. Fung. 8: 41. 1889. 

Cudomella acicularis Schroet. In Cohn, Krypt. Fl. Schlesien 3(2) : 
21. 1908. 

Helotium cudonioides Seaver. Mycologia 37: 267. 1945. 


Ascocarps gregarious to scattered, pileate, stipitate, fleshy; pileus 
1-3 mm broad, convex, often with the margin involute, with the hy- 
menium on the upper surface, at first white, later brown, with the sub- 
hymenial layer consisting of closely interwoven hyphae, with the medulla 
consisting of moderately to closely interwoven hyaline hyphae (3-5 p 
wide) with the ectal layer light brown, compact, consisting of 6-10 p 
wide hyphae parallel with the lower surface, stipe terete, 5-12 mm long, 
0.3-0.5 mm thick, white, becoming brownish, with the interior consist- 
ing of hyaline, longitudinal somewhat interwoven hyphae (3-5 » wide) 
with a brownish, compact ectal layer consisting of parallel longitudinal 
hyphae ; asci clavate, 30-120 x 10-12; ascospores subfusoid, narrowly 
cymbiform or faleate, l-celled or 1-septate or rarely 3-septate, with a 
thin gelatinous outer layer, hyaline; paraphyses straight, filiform or 
slightly clavate. 

On rotting wood. 

Specimens studied: Massachusetts, Auburndale, Nov. 1885 (2 speci- 
mens), R. Thaxter (FH); Weston, Nov. 19, 1885, R. Thaxter (FH) ; 
Sharon, Nov. 1931, A. P. D. Piquet (FH). Michigan, Tahquamenon 
Falls, Sept. 12, 1955, A. H. Smith (MICH). New York, Adirondack 
Mts., C. H. Peck (NYS); Beebe Lake, Ithaca, Oct. 17, 1944, R. P. 
Korf, as H. cudonioides (NY). Also Jura ex Dr. Quélet (NY); 
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Roumeguere Fung. Gall. 17210 (NY); Cooke Fungi Brit. 400 (NY); 
Krieger Fungi sax. 1/46 (MICH); Rehm Ascomyceten 1303 (MICH). 

The pilei of the ascocarps are at first plane or slightly convex. They 
finally become very convex, hemispherical or usually with the margins 


involute, sometimes to such an extent that the ascocarps appear almost 


capitate (Fics 14). Therefore, except in size, they are similar to the 


ascocarps of Cudonia. 

The structure of the ascocarp of //elotium aciculare is fairly simple 
The interior of the stipe consists of compact longitudinal, hyaline, nar 
row (3-5) hyphae which are somewhat interwoven, These spread 
out to form the medulla of the pileus, which consists of more loosely 
interwoven hyphae. The stipe has a thin outer brownish layer which 
consists of very compact parallel longitudinal hyphae which are wider 
(6-10) than those of the interior. This layer continues to form the 
lower ectal layer of the pileus, becoming thinner as it approaches the 
margin. The hymenium covers the convex upper surface of the pileus 
and is bordered by the ectal layer. A very compactly interwoven layer 
of hyphae occurs between the hymenium and the medulla 

When Seaver described H. cudonioides he commented that it re 
sembled a minute Cudonia and hence the name. The two specimens 
which he cited have been available for study through the kindness of 
1D. P. Rogers. They do not differ sufficiently from //. aciculare to 
maintain /7. cudonioides as a separate species (see Seaver 1945, p. 267, 
fig. 1). 

Through the kindness of I. Mackenzie Lamb, the types of Cudont lla 
horealis Linder and C. muscorum Linder in the Farlow Herbarium 
were loaned for study. They have ascocarps similar to /1. aciculare 
and differ in having smaller ascospores and growth in mosses. Linder 
distinguished C. muscorum from C. borealis on account of more globose 
heads, longer stipes, more fusoid spores and more abruptly tapered 
thickening of the paraphyses. A study of the specimens results in the 
conclusion that the differences are not sufficient to maintain them as 
separate species. They are transferred to Helotium as 1. borealis. 


Helotium boreale (Linder) comb. nov. 
Cudoniella borealis Linder. Nat. Mus. Canada Bul, 97: 253. 1947 
Cudoniella muscorum Linder. Nat. Mus. Canada Bul. 97: 253 
1947. 
Ascocarps pileate, stipitate, fleshy; pileus 2-4 mm broad, 1—-1.5 mm 
thick, convex, with the margin involute, with the hymenium on the 
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upper surface, pinkish salmon, with the subhymenium consisting of 
closely interwoven hyphae, with the medulla consisting of loosely inter- 
woven hyaline hyphae, with an ectal compact layer on the underside of 
the pileus consisting of hyphae parallel with the surface ; stipes terete, 
7-12 mm long, 0.5-1.0 mm thick, glabrous, concolorous with the pileus 
or lighter, with the interior consisting of compact longitudinal hyaline 
hyphae (3-4 p» wide) with outer hyphae compact, parallel, longitudinal, 
clavate, 70-80 5-6; ascospores 


somewhat wider, up to Op, ascl 
2.5m; 


subfusoid or slightly falcate, with the ends rounded, & 14x2 
l-celled or sometimes 1 septate ; paraphyses slightly exceeding the asci, 
narrowly clavate, 1-1.5 p thick below, 2-2.5 » thick above. 

In moss. 

Specimens studied: Baffin Island, Polunin, type of ¢ udoniella bore- 
alis (FH); Labrador, Polunin, type of Cudoniella muscorum (FH). 

The ascocarp of 1H. boreal resembles that of H. aciculare in form 
and structure. It is stipitate and has a similar convex pileus with 
involute margin. In structure the interior longitudinal hyphae of the 
stipe branch above to form the loosely interwoven medulla of the pileus. 
The exterior longitudinal hyphae of the stipe continue on the underside 
of the pileus forming a compact layer of cylindric hyphae (6 8p wide), 
becoming wider, 8-10 p, with the cells somewhat ellipsoid at the margin 
of the pileus. 

The genus Helotium according to past treatments is a very unsatis- 
factory grouping of species (Nannfeldt 1932, White 1942b, Seaver 
1951). White and Nannfeldt have pointed out that it Is a very heter- 
ogenous group which White states has been brought together mostly on 
account of a lack of characters which can be used to place them else 
where. White, at the time of his death, had not finished a study of 
the genus which had extended over many years. He had published 
results of his study for only a few of the species. Although he indicated 
that the genus as it has been recognized must be revised and many 
species excluded, he did not give criteria for the delimitation of the 
venus in a restricted sense. He (1942a) evidently excluded //elotim 
aciculare, placing it in Cudoniella, The species treated by him in Helo 
tinm have plane or concave hymenia, If this distinction is maintained 
and H. aciculare is accepted as the type of Helotium, it seems probable 
that Helotium will become a genus containing relatively few species 
It is possible that Helotium clavus (Ombrophila clavus) belongs here. 
Since the genus Helotium as now recognized contains species having 
ascocarps of great diversity, with various variations of sessile, stipitate 


ascocarps and cupulate, plane, slightly convex or very convex hymenia, 
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a separation on the basis of these characters alone without correlations 
with other differences presents difficulties and probably 1s not feasible 

In recent studies of the Discomycetes, the structure ot the ascocarp 
has been given increased importance. Both Helotium aciculare and 
H. boreale have stipes consisting of parallel longitudinal hyphae with 
the inner hyphae branching above and an ectal layer on the under 
side of the pileus consisting of hyphae parallel with the surtace This 
is a structure similar to that found in Cudonia of the Geoglossaceae 
Information is available concerning the structure of only a few of the 
several hundred species of //elotimm (Durand 1900, |.agarde 1906, 
Nannfeldt 1932. White 1943, 1944). They may be divided into four 


main groups: (1) a group in which a stipe (when present) consists ot 


parallel more or less longitudinal hyphae and the medulla ts made up 


of loosely interwoven hyphae and there ts a pseudoparenchymatous ectal 
laver; (2) a group which differs in having medulla and ectal layer show 
ing little or no differentiation and consisting of pseudoparenchymia ; (3) 
a group which has the medulla made up of more ot less interwoven 
hyphae and an ectal layer of somewhat interwoven or parallel hyphae 
oblique to the surface; (4) a group differing trom the last in having an 
ectal layer consisting of hyphae parallel with the surface. The tew 
species of the last group, all of which have plane or saucer-shaped dises, 
have been reported only by White (1944). Therefore although // 
aciculare has ascocarps with a structure similar to ¢ udonia and differ 
ing from most of the species of //elotimm, some plane or cupulate species 
of Helotium have a similar structure 

The principal criteria generally used in separating the Geoglossacea 
from the Helotiaceae are that the former have clavate or pileate asco 
carps with the hymenium covering the upper surtace while the ascocarps 
of the latter are discoid, plane, saucer-shaped or cupulate. Within the 
Geoglossaceae the ascocarps of the Cudonieae are pileate with the 
hymenium on the upper convex surface, while the ascocarps of the 
Geoglosseae are clavate or capitate with the hymenia covering the upper 
part of the clavae or covering the heads. Corner (1929a, 1929b, 1930a 
1930b ), in his study of the evolution of the ascocarp in the Discomycetes, 
has concluded that the differences which occur in the ascocarps of the 
Geoglossaceae and Helotiaceae have been brought about by increased 
axillary growth of the ascocarp and a change from marginal growth of 
the hymenium in the latter through restri ted marginal growth and devel 
opment of intercalary growth in the Cudonieae, and the elimination of 
marginal growth and development through imter« alary growth resulting 


in the clavate ascocarps of the Geoglosseae. It would be expected on 
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such a hypothesis that a great variation and intergradation would occur. 
Corner (1930a) states that ‘“Cudoniella acicularis” occupies an inter- 
mediate position in this series between the Helotiaceae and _ the 
Geoglossaceae. 

Qn the bases of both the form and structure of the ascocarp, [/elo- 


tium aciculare shows a closer relationship to Cudonia than to most of 


the species of the genus Helotium as generally treated. To place it in 


the Helotiaceae raises questions concerning distinctions between the 
Helotiaceae and the Geoglossaceae. To place it in the Geoglossaceae 
raises similar questions and also involves important changes in nomen- 
clature. The latter would be unfortunate since it seems probable that 
future studies may necessitate an entire realignment of not only the 
genera of the Helotiaceae but also those of the Cudonieae of the Geo 
glossaceae since both Cudonia and Leotia appear to be more closely 
related to genera now placed in the Helotiaceae than they are to genera 
of the Geoglosseae. 
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ABORTION REACTIONS TO INFECTION BY 
SYNCHYTRIUM BROWNII'” 


James T. SINSKI 


(with 12 ricures) (2 cuts) 


Synchytrium brownii was established by Karling (4) for a parasite 
of Ocenothera laciniata in Louisiana which Cook (2) had previously 
collected and identified as S. fulgens. Subsequently it was found on 
O., biennis in a field in Indiana, and a study of its host range showed 
that it is capable of infecting a number of other onagraceous species in 
the greenhouse. As described previously by the author (14), the reac- 
tion of the majority of these hosts to infection by incipient prosori or 


resting spores manifests itself primarily by a marked enlargement of 


the infected cell. This is usually accompanied by division and subse 
quent enlargement of the surrounding epidermal, palisade and collen- 
chyma cells causing the development of composite galls. In addition 
to the reactions of susceptible hosts, abortion reactions occur in some 
resistant taxa of the Onagraceae, and the present contribution concerns 
the cytology of these reactions. 

Somewhat similar abortions have been reported to occur in cases 
of infection by various species of Synchytrium by Cartwright (1), 
Koehler (6, 7, 8,9, 10), Kusano (11, 12, 13), Gaumann (3) and Karling 
(5). In non-susceptible potato varieties Cartwright found that S. endo 
hioticum is as capable of infecting such varieties as readily as highly 
susceptible ones. She discovered that the death of the fungus occurred 
a few days after it penetrated the host cell; and concluded that resistance, 
in this case, was not due to mechanical failure of the fungus to enter 
the cell but to some physiological characteristic of the cell. Koehler 
(6, 7) continued this work and described the infected and adjacent cells 
of resistant varieties as undergoing acute or chronic necrotic abortion. 
In the case of acute abortion the fungus died within a few hours or days; 
in the latter reaction the parasite died within several weeks. According 


' Present address, Department of Biology, Spring Hill College, Mobile, Spring 
Hill Station, Alabama 

* This study was made under the guidance of Prof. J. S. Karling while the 
author held a David E. Ross Fellowship. He is very grateful to Drs. Ralph E 
Cleland and P. A. Munz who supplied the seeds of the host plants 
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to him, chronic necrotic abortion involves isolation and delimitation of 
the fungus by a gummosis and death of the surrounding cells, or the 
formation of a zone of thin walled meristematic cells cuts off the whole 
necrotic region. <A third type of host reaction occurs as healthy neigh 
boring cells swell and arch or expand inward on the dead infected host 
cell. These healthy cells then divide periclinally and eventually cause 
rupture of the host cell and sorus and subsequent discharge of the 
sporangia. Kusano (11, 12, 13) found that S. fulgens would success 
fully infect and develop in Oenothera Lamarkiana and 0, biennis but on 
QO. sinuata it is unable to complete its development. Gaumann (3) and 
Karling (5) also reported abortions of S. endohioticum and S. austral 
respectively. 

The fungus used in this study was collected on Oenothera /nennis 
in the spring of 1953 at the Ross Biological Reserve of Purdue Univer 
sity. The infected plants were removed to the greenhouse where the 
fungus was maintained on its host by periodic inoculation. Numerous 
onagraceous hosts were grown from seeds obtained from Drs. Ralph 
EK. Cleland, Indiana University, and P. A. Munz, Rancho Santa Ana 
Botanic Garden, Claremont, California and tested for their susceptibility 
For inoculation purposes portions of infected leaves which exhibited a 


slight yellow-orange powdery appearance were first observed micro 


scopically to determine the presence of viable sporangia. After being 
placed in fresh charcoal water, mature sori rupture the infected cell 
and discharge the sporangia after approximately one minute. Such 


mature sporangia germinate and produce motile zoospores within a 
minimum of two hours. After such tests for viable sporangia were 
made the remainder of the infected leaf was cut into small pieces and 
placed with a drop of water and a saturated piece of absorbent cotton 
in the crowns of the host plants to be tested In regions of the green 
house where evaporation was likely to be rapid, a bell-jar or large beaker 
was placed over the plant to retain surface moisture. For cytological 
details the infected material was fixed with Nawaschin’s fixative, se 
tioned at & p, stained first with safranine, and then counter stained with 
a mixture of fast green and orange G 

Abortion reactions to infection were found in some resistant taxa, 
particularly in the lowa II race of the O. “strigosa” group, the Paducah 
(Ky.) race of the O. “biennis 1” group, and in Clarkia elegans. These 
abortion reactions involve disintegration and occasional extrusion of the 
parasite, accumulation of degeneration substances on the surface of the 
infected cell, and ingrowth of the sheath cells into the partially empty 


host cell. In the lowa II race, however, only a small percentage of 
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Synchytrium brownii on Iowa II race of Oenothera “strigosa” 


roup. 1. Beginning of abortion of S. brownii. 2. Gummous material on outside 
g 


Fics. 1-6. 


Jeginning of extrusion of fungus. 
5. Further growth of papillose 
384. 


of epidermal cell containing aborting thallus. 3. 
4. Beginning of papillose growth of sheath cells. 
sheath cells. 6. Last portion of aborting fungus being extruded. All 
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abortions occur, and the majority of parasites produce normal sori and 
resting spores in average size galls. The first evidence of the impending 
abortion in the cells of the Iowa II race becomes evident the first week 
after infection. Up to this time the development of the fungus and 
host reactions appear normal as in the susceptible hosts, but thereafter 
the fungus begins to disintegrate. As this continues the parasite’s 
nucleus becomes irregular in outline; the nucleolus becomes somewhat 
granular in appearance and irregular in shape ; and the cytoplasm begins 
to plasmolyze (Fic. 1). With further disorganization of the prosorus, 
gummous material may appear on the outer surface of some of the host 
cells (Fic. 2). Disintegration of the parasite may continue until its 
wall ruptures, and in some instances its content is extruded through a 
hole in the host cell wall (Fic. 3). The sheath cells immediately under 
the pore at the base of the infected cell remain stable, but those on the 
sides of the infected cell form papillose projections into the cavity of the 
partially empty and enlarged host cell (Fic. 4). Continued inward 
growth of these cells (F1G. 5) is accompanied by further extrusion of the 
parasite (Fic. 6). After this is completed the papillate sheath cells 
continue to enlarge and grow inward (Fic. 7), but it is not certain 
that they exert pressure and thus aid in extruding the fungus. It is 
quite possible that they merely expand into the infected cell as it becomes 
empty. In another case of abortion on the Iowa II race the epidermal 
and palisade cells adjacent to the infected one bulge inward on it and 
thus apparently exert pressure. Probably as a result, the incipient 
prosorus is forced out of the infected cell as shown in Fic. 8, On the 
other hand, it is equally plausible that the outer wall of the infected cell 
disintegrates first, and after this has occurred the ingrowing pressure 
forces the fungus out of the cell. 

In contrast to the lowa II race, a large percentage of abortions, both 
acute and chronic, occur on the Paducah (Ky.) race of the O. “biennis 
1” group. The fungus does not develop very far before abortion be 
gins, and accordingly the host cell enlarges only slightly. In this race 
also, the fungus appears to be discharged from the host (lic. 9) through 
a hole which is proportionally larger in relation to the fungus than in 
the Iowa II race. In this case also some extraneous material is present 
on the surface of the infected cell. The entire disorganized fungal body 
is forced from the cell as a unit possibly by enlargement and division 
of the surrounding heathy cells (Fic. 10), but such divisions have not 
been seen so far. 

Acute abortions of the kind described by Koehler (6, 7) and 


Giumann (3) also occur on the Paducah (Ky.) race. The growth of 
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Fics. 7-12. Abortion of Synchytrium brownn 7. Increase in papillose 
8%. Abortion 


growths of sheath cells after elimination of parasite on lowa Il race 
Jeginning of abortion on Paducah (Ky.) 


of young thallus on Iowa II race. 9 
race. 10, Complete abortion on Paducah (Ky.) race 11. Acute abortion on 
Paducah (Ky.) race 12. Chronic abortion on Clarkia elegans All = 384 
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1a number of the cells, which are devoid 
In such cases the fungus 


the infected cell is inward, anc 
of chloroplasts, near the infected cell, divide. 
state at the bottom of the host cell (Fic. 11) In 


lies in a degenerate 
acute abortions reported by Koehler (6, 7) and Gaumann (3) in potato 
S. endobioticum no division or necrosis of the sur 


varieties infected by 
infected cell loses its turgidity 


rounding healthy cells occurs, but the 
and is compressed by neighboring cells in the manner found on the 
Paducah (Ky.) race. Abortion of the fungus on Clarkia elegans be 
gins after the first week following infection. The fungus disintegrates 
II race, but it is not extruded from the host cell. The 
1 on the dead infected cell in a 


as in the lowa 
healthy surrounding cells grow imwaré 
manner similar to that described for acute abortions (Fic. 12) 


M MARY 


st 


Abortions of S. brownii occur in the cells of the lowa II race of the 


O. “strigosa” group, the Paducah (Ky.) race of the O “biennis 1” 
group, and Clarkia elegans. Acute abortions which are characterized 
by the death of the fungus and host cell a few days after infection occur 
on the Paducah (Ky.) race. Chron abortions occur in the Paducah 
(Ky.) race, the lowa II race and Clarkia elegans approximately a week 
after infection and are accomplished by the death of the fungus and its 


frequent expulsion from the host cell 
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SYNCHYTRIUM BORRERIAE, AN ENDOPHYTIC 
ALGA' 


B. T. 


(with 10 (1 ent) 


In 1951. Lacy (6) described Synchytrium borreriae on Borreria 
hispida K. Sch. from Patna, India, and gave the following description 
“Galls on leaves, chiefly hypophyllous, appearing as orange-yellow 
specks, . . . not causing proliferation or leat thickening. Sporangia not 
observed. Resting spores subglobose to spherical, reddish brown, 112 
124 » in diam., The thickness of the wall ranges from 11-28 » and 
is generally three layered. Wall of the host firm and persistent.” 
Lacy also reported that the young resting spore ts formed within the 
epidermal cell and as the infected cell enlarged it was pushed inwards 
so that the resting spore appeared in a subepidermal position During 
September—November, 1950, the author collected what appeared to be 
the same species on the same host at Banaras, India, and also at Patna, 
its type locality. Abundant infected host parts, collected from both 
places, were fixed in Bouin's fixing solution and also herbarium spect 
mens were collected and prepared. Later, this organism was identified 
as Synchytrium borreriae Lacy after careful reexamination of the 
original type. In 1952, the author (7) reported this species from 
Banaras and drew special attention to its unusual wall characters; a 
hyaline wall of the thickness (28 ») reported in this species had never 
been observed in any valid species of Synchytrium., 

Shortly afterwards, 8-10 p thick serial sections were cut and stained 
with Safranin and Fast Green or Flemming’s triple stain. On examina 
tion of such preparations it became evident that this organism was not 
a Synchytrium but an endophytic alga. It was not until the material 
was shipped to the United States and studied in relation to the parasiti 
alga Rhodochytrium spilanthidis Lagerheim, which occurs on several 
seed plants at Lafayette, Indiana, that the true nature of this organism 
was understood. However during the active period of this investigation 
living infected host plants were not available 
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1-9. The endophytic alga on Borreria hispida. 1, A_ resting spore, 

150. Note its resemblance to a resting spore of Synchytrium. 2. A_ resting 
spore with the plug intact, X 150. 3. The resting spores in the stem tissue, * 105 
Note the failure to cut through the plug in all 4. Germination ot 
resting spore, 150. The greenish mass of spores oozes out in the form of a 


The spores, each containing a chloroplast and a few orange 


Fics 


sections a 


globule 
with the 


contact 


host cell wall in 
cytoplasm come 


cirrus 
1000. 6, Early stage 
hypertrophied host 


after infection. The 
nuclei and the 


125. 7. A lobed thallus growing deep in 


in ¢ lose 


thallus lyses, the 
the 


contact with the growing thallus, 
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The organism penetrates the host between the epidermal cells and 


enters the inter-cellular spaces where it undergoes further development 
(Fics. 6-9). Some of the thalli are bladder-like and others are more 
or less lobed and narrow (FIGs. re Ss) Whether these represent early 
stages. of_resting spore and zoosporangia respectively, as is the case in 
Rhodochytrium, is not known. From the earliest stages the thall are 
enveloped by a hyaline wall which later becomes the exospore and the 
endospore is not secreted until the resting spore is mature. The thalli 
are separately attached to the surface of the host by a tubular canal or 
what is usually called a plug (Fies. 2, 3, 6-9). The plug continues to 
lengthen (10-50 or more) as the thallus grows deeper into the host 
tissue, undergoes marked lamellate thickening at maturity, and indicates 
the point of entry of the zoospore. It does not terminate im any 
conspicuous button or regular opening. Similar stout lamellate plugs 
appear characteristically in Chlorochytrium species (1). 

The thalli from the earliest stages are uninucleate (Fics. 6-9). The 
nucleus is very conspicuous, 20-28 » in diameter, with a large nucleolus 
and bears an astonishing resemblance to that of Synchytrium and 
Rhodochytrium. The nucleolus also undergoes vacuolation similarly 
during maturation. The contents of the thalli are finely granular and 
reticulate and contain a few deep-staining coarser granules. Only 
resting spores have been observed so far, and they become dormant im 
the uninucleate condition (Fics. 2, 3). The thalli contain a consider 
able number of starch grains but these were not detected in mature, aged 
resting spores from the herbarium specimens. However, even in 
Rhodochytrium, which the author has observed to be filled with starch 
grains, Griggs (2) reported their absence in one of his collections and 
cautioned against hurried conclusions without regard to unknown en 
vironmental conditions at the time of collection. Similarly, in this 
alga also, starch grains were detected in some thalli and not in others 
The thalli were never found to be intracellular and were found to be 
devoid of rhizoids and haustoria. The nuclei of the host cells adjoining 
the thallus are hypertrophied, and the walls of those host cells lyse, ther 
contents come in close contact with the parasite and provide nourishment 


to it (Fics. 6,9). The parasite may similarly penetrate the phloem 


me sophyll, 125 Bladdes like and lobed thalli growing sicle by side, x 125 
9 A well grown thallus in the mesophyll before becoming a resting spore, * 140 
Note the hypertrophied host nuclei and the cytoplasm are in close contact with 
the wall of the parasite 10. A multinucleate thallus of Synchytriwm minutum 
(Pat) Gaumann in the lysigenous cavity of Pueraria tuberosa DC £180. Not 


the symplast around the thallus and the narrow plug-like projectior 
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of the veins and midribs but only casually. Because the host cells ad- 


joining the parasite do not undergo hypertrophy or hyperplasia and 


only the portion of the host cells which is in close contact with the 
parasite lyses, no lysigenous cavity nor symplast results around the fast- 
growing parasite. So far as known, the endobiotic thalli are devoid of 
chloroplasts. At maturity, the resting spore is spherical to sub-globose, 
115-230 » (average 160m) in diameter, with a 14-18 » thick, homoge- 
neously hyaline, smooth exospore and a compactly granular, brownish, 
3—6 » thick endospore and orange granular contents. A brownish thin 
layer of host debris may be deposited on the exospore, and the resting 
spore then appears 3-walled. The resting spores are easily teased out 
of the living host parts, and they resemble the resting spores of Syn- 
chytrium except for the lamellated plug which, together with the hyaline 
exospore, may be mistaken as the persistent infected host cell and an 
adhering epidermal hair. During the preparation of temporary mounts, 
the plug is apt to be missing in a majority of the resting spores, so 
much so that one is not likely to differentiate between the adhering epi- 
dermal hair and the plug. 

As has been pointed out by Lacy, the resting spores are provided 
with a third layer of brownish host debris which might have obscured 
the wall characters in his preparations. The hyaline exospore together 
with the plug was probably mistaken as the persistent enlarged host 
cell by him. As Lacy himself indicated, his studies were confined to the 
morphology of the fungi and to the external symptoms. Consequently 
his conclusions were not precise. However, this alga has been col 
lected at the type locality and on the same host, and compares well with 
the deseription of Synchytrium borreriae Lacy, with respect to the 
external symptoms and the prominent characters of the resting spores. 

Resting spores which were collected four years ago have been 
germinated in tap water at 25-30° C. Under these conditions they 
become green and the walls become thin and soft. When they are 
placed in fresh charcoal water, a green, mucilaginous mass of spores 
oozes out through an irregular opening in their wall in the form of a 
cirrus (Fic. 4). These spores are oval, oblong, ellipsoid, pyriform, ete., 
and measure 3-4 X 6-9 » or occasionally 4 * 11» (Fic. 5). They are 
non-motile when released, without any flagella, and each contains a 
conspicuous chloroplast and a few orange globules. Their further de- 
velopment is not known. 

In serial sections immersed in chlor-iodide of zinc the walls of young 
thalli become violet in color. Also, at certain developmental stages the 


grains in their contents become blue, indicating the presence of starch 
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grains which are most abundant near the periphery. The exospore of 


the mature resting spore gave faint or no violet coloration whereas the 
endospore never gave any color reaction with Iodine. The plug always 
gave positive cellulose reaction. 

The presence of a lamellated plug and an unusually thick hyaline 
wall made the author suspect that Synchytrium borreriac is not a valid 
member of the genus. However, resting spores of valid members of 
Synchytrium may have 8 p» thick exospores and may be hyaline as in the 
case of the resting spores of S. brownt during the first week of develop 
ment. The sorus of S. minutum, which grows deep in the tissues of the 
host, also has a thin, brownish structure similar to the plug described 
above (Fic. 10) However, in S. minutum the plug as well as the 
sorus wall remain thin and fragile and neither gives the cellulose re 
action. Whereas the spore walls of Protomyces macrosporus and the 
oogonial wall of Albugo ipomoeae-pandurinae gave positive cellulose 
reaction, the wall of Rhodochytrium spilanthidis gave a taint or no violet 
color with Iodine 

Endophytic algae are fairly common in the tissues ot higher plants, 
and sometimes they have been mistaken for species ol Synchytrium 
Schroeter (8), who contributed much to our knowledge of Synchytrium 
discovered several new species of endophytic alga Phe chytrid which 
Tobler (9) found in the stomatal cavity of Salix repens is probably an 
endophytic alga. Recently Karling (4,5) has reported similar algae in 
connection with S. ranunculi and S. uliginicola. On the other hand 
Synchytrium species have been mistaken for rusts and smuts and re 
cently Karling (3) has shown that the cy toliths which occur commonly 
in the cells of Urticaceae were mistaken for the resting spores of 5 
urticae Sorokin. It is thus obvious, as Karling has so frequently 
emphasized, that the developmental stage and full life-cycle of Syn 
chytrium species must be studied before they can be correctly identified 
and classified. 

It is, therefore, evident from the foregoing that Synchytrium hor 
reriae lacy ts al endophyti alyva It is probably a protococeoid pec 


akin to the genus Chlorochytrium Cohn in the sense ot West (10) and 


Bristol (1). 


ACK NOWLEDGME? 


The author is thankful to Dr. J. S. Karling for valuable guidance and 
encouragements, and to Dr, RK. 5S Vasudeva for kindly sending the 


types of sé veral Synchytrium speci which were available in the 


logical Herbarium, New Delhi 


431 7 
a 
i 
CO 


Myco.ocia, Vor. 48, 1956 


SUMMARY 


Synchytrium borreriae Lacy, whose thalli grow in the inter-cellular 


spaces of the host, causing lysis of their adjoining host cell walls, 


contain starch grains and their walls give cellulose reaction to lodine. 
The exospore of its resting spores is hyaline, 14-18 » thick and is at- 
tached to the surface of the host by a cellulosic, lamellated plug. From 
the germinating resting spore, a cirrus of non-motile elongate spores 
oozes out. These spores contain a conspicuous chloroplast. Conse- 
quently the species is considered an endophytic alga akin to Chlorochy- 
trium Cohn sensu latiore. 
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ADDITIONS TO THE PHYCOMYCETE FLORA 
OF THE DOUGLAS LAKE REGION. III. A 
NEW SPECIES OF SCHERFFELIOMYCES ' 


M 


JOHNS 


ROBERT 


(with 12 FIGURES) 


During the Summer of 1954 there was encountered an interesting 


chytridiaceous fungus in a collection of algae and decaying plant mate 


rial from the vicinity of the University of Michigan Biological Station, 
Cheboygan, Michigan. In this organism the sporangium is produced 
from an expansion of the epibiotic portion of the germ tube formed by 


the encysted zoospore, the zoospore cyst and a segment of the germ 


tube persisting as an appendage on the developing and mature Spo 
small and infre 


rangium. These features are characteristic of two 
quently observed genera of chytrids, Scherffeliomyces Sparrow (2, 3) 
and Coralliochytrium Domjan (1). Subsequent investigation indicated 


that this organism belongs to the genus Scherffeliomyces and that it is 


distinct from previously described members of the genus. It is, there 


fore, described as new. 


Scherffeliomyces leptorrhizus sp. nov 


Sporangium ovoideum vel subsphaericum diametrice 15-264 et longitudinaliter 


18-27 uw metiens, pellucidum, a tubo germinationis ad cytosporam sphaericam 4 
Pars intramatricalis e stipite tenui terminante in systema rhi 


diametro junctum 
zoideum denusum multiramosum; rhizoideis isodiametricis, 
uniflagellatae, dia 


interdumque vesiculo 


singulo intramatricali subsporangiali. Zoosporae postice 
sporangio maturantes et ultime pet 


metro, globulo singulo eccentrico praeditae, in 


papillam singulam subapicalem deliquescentem gregatim emergentes, ad apicem 


separantes et natantes. Cystospora terminalis ad sporam 


breviter immobiles, cito 


perdurantem ovoideam adhaerens. Sporae perdurantes 10-15 crassae, 22-27 


longae ; membrana crassa, sporangiis haud dissimiles 


Sporangium ovoid or subspherical, 15-26 * 18-27 » in diameter, wall 
colorless, attached by a short apical process to a spherical cystospore 
4-5.5 » in diameter ; intramatrical portion consisting of a single slender 


stalk terminated by a tuft of branched isodiametric rhizoids, infrequently 


with an intramatrical subsporangial vesicle. Zoospores posteriorly uni 


‘Contribution No. 1043 from the Department of Botany, University of 
Michigan 
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flagellate, 4—5 » in diameter, equipped with a single eccentric oil globule, 
fully formed in the sporangium, discharged at maturity through the 
deliquescence of a single subapical papilla; emerging in a mass and 
remaining briefly motionless at the orifice, the mass soon dispersing as 
the zoospores assume motility; resting spores ovoid, with a terminally 
attached cystospore, 10-15 x 22-27 p, with a thick wall, similar to the 
sporangia in morphology and development, germination not observed. 


Parasitic on Zygnema sp. from a swampy pool 2.4 miles North of 
Cross Village, Michigan, July 12, 1954, et seq. 

The type species of the genus, Scherffeliomyces parasitans Sparrow 
(2, 3), may be distinguished from 5. leptorrhizus by its characteristic 
spherical or subspherical sporangia, orange zoospore globules, and 
poorly developed rhizoidal system consisting of short, unbranched digi- 
tations. The remaining species assigned to Scherffeliomyces, 5. appen- 
diculatus (Zop{) Sparrow (7, 4) possesses sporangia and zoospores of 
smaller size, cystospores which are lateral in position on prominent 
apical discharge papillae, as well as distinctive irregularity in the size 
of the rhizoids. 


Following encystment of the zoospore of 5 leptorrhisus on the 
tube 


prominent gelatinous sheath of the host filament, a slender germ 
is produced (Fic. 1) which penetrates the sheath and the cell wall of 


the host, forming a delicate branched tuft of apparently isodiametric 
rhizoids (Fic. 2). After the rhizoidal system has been established, the 
portion of the germ tube exterior begins to expand, forming the spo- 
rangial initial (Fics. 3, 4, 5). As sporangial development proceeds, 
the wall of the zoospore cyst and adjacent germ tube becomes increas 
ingly thickened due to progressive deposition of wall material (Tics. 
5, 6) until, at maturity and following sporangial discharge, it may be 
observed as a solid appendage attached to the apex of the sporangium 
(Fics. 10, 11). After the latter has reached mature size and the re- 
fractive globules of the developing zoospores have been formed, a broad 
and prominent subapical papilla ts produced, This papilla swells and 
temporarily displaces the apical position of the cystospore (Fic. 7). 
Dissolution of the papilla results in discharge of the fully formed 
zoospores in a mass at the mouth of the sporangium (Fic. 8). After a 
moment the individual spores (1G. 9) become motile and swim actively 
away. Zoospore discharge usually results in the collapse of the delicate 
lateral walls of the sporangia (Fic. 10). Occasionally, sporangia were 
observed with somewhat thickened lateral walls which retained their 
rigidity following discharge (Fic. 11). 

Resting spore development ts identical with that of the zoosporangia 
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until the stage represented by Fic. 5. At this time there is a marked 
increase in the number and size of the refractive globules, accompanied 
by an increase in wall thickness. At maturity the globules coalesce, 
and the mature resting spore appears to be filled with a single refractive 
mass (Fic, 12). Resting spore germination has not been observed. 
In certain of the thalli subsporangial swellings which are ovoid or 
somewhat fusiform in shape occur within the host cell wall (Fic. 6). 
These structures always appear to be formed at the time of the expansion 
of the sporangial rudiments rather than during penetration of the host 
cell and formation of the rhizoidal system, and they are clearly absent 
in the majority of the thalli. These circumstances preclude the inter- 


pretation of these structures as apophyses or “prosporangia.”” Further, 


the inconstancy of occurrence suggests that these subsporangial swell- 
ings are of negligible value as morphological criteria of taxonomic value. 
Zopf (7) has figured and discussed similar subsporangial swellings in 


Scherffelomyces appendiculatus. 


THE GENUS CORALLIOCHYTRIUM 


The monotypic genus Coralliochytrium was erected by Domjan (1) 
to include a chytrid, C. scherffelu, which has a development identical 
with that of Scherffeliomyces. The major differences between the two 
genera are as follows: the occurrence of apophyses (‘‘prosporangia”™ 
according to Domjan) in Coralliochytrium; the peculiarity of the rhi- 
zoidal system in Coralliochytrium, whereby the slender penetration tube 
extending beyond the “prosporangium” is terminated by an inflated, 
lobed, saccate structure (the “haustorial Endorgan”). These charac- 
teristics have been used to distinguish between Coralliochytrium and 
Scherffeliomyces in subsequent taxonomic treatments of the Chytridiales 
(5, 6). 

Domjan’s interpretation of development in C. scherffelii is open to 
question in several respects. Application of the term “prosporangium’”’ 
to the subsporangial swelling in her organism is an obvious misnomer. 
It appears from her figures 7 and 16 that development of this structure 
is simultaneous with that of the sporangial initial, which would indicate 
that it is not functional as a sporangial precursor. She states that the 
content of the “prosporangium” empties into the expanding sporangial 
initial—at a stage of development when the young sporangium has 
achieved not more than one-fifteenth of its average mature volume (her 
figs. 7, 8,9). If the “prosporangium” is subsequently devoid of con- 
tent and there is no cytoplasmic continuity between the sporangium and 
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the “haustorial Endorgan,” one is forced to conclude that subsequent 
sporangial development is at the expense of the surrounding water 
This interpretation seems especially doubtful in view of the admitted 
difficulty which Domjan encountered in observations on the endobiotic 


portion of her organism. Her single detailed figure (10) was drawn 


following treatment with chloral hydrate. 

Perhaps the most striking features of the subsporangial swelling of 
Coralliochytrium are its marked variation in size and morphology (c}. 
her figs. 10, 19, 30, 39, 41) and its total absence in certain thalli (her 
fig. 41A). This last fact alone would justify serious doubt concerning 
the propriety of the use of the subsporangial swellings of C. s herffelu 
as an important taxonomic criterion, The existence of similar struc 
tures in Scherffeliomyces appendiculatus and S leptorrhizsus support 
this interpretation. 

Domjan’s single complete figure of the endobiotic portion of C, 
scherffelii illustrates a rhizoidal system which 1s unique among the 
Chytridiales, a slender penetration tube terminated by a broad expanded 
lobed structure which is, indeed, coralloid in appearance Despite the 
singular appearance of this endobiotic system, Its Use as a taxonom 
criterion of generic import seems questionable. 7 he genus Scherffelio 
myces as presently constituted contains species whose rhizoidal systems 
vary from a condition in which they are apparently lacking or consist 
of one to several short, unbranched digitations (2, 4) to a delicate 
branched tuft of rhizoids terminating a slender stalk. In the opinion 
of the author, this spectrum of variation ts wide enough to include 
Domjan’s organism. Marked variation in the morphology of rhizoidal 
systems is not unknown in other recognized chytrid genera (¢.”., 
Phlyctochytrium ). 

In view of these considerations, of the identical mode of development 
in the two genera, and of the remarkable morphological similarity ot 
Coralliochytrium scherffelii to members of the genus Scherffeliomyces, 
the author feels justified in proposing that the genus ¢ oralliochytrium 
be merged with Scherffeliomyces and that Coralliochytrium scherffelu 


be assigned the following new combination 


SCHERFFELIOMYCES Sparrow, Mycologia 26 377. 1934 
Scherffelia Sparrow, Trans. Brit. Mycol. Soc. 18: 216. 1933 


Coralliochytrium Domjan, Folia eryptogam. 2: 22 1936 


Scherffeliomyces scherffelii (Domjan) comb. nov 
Coralliochytrium scherffeli Domjan, Folia cryptogam a: £6 
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This transfer would include within the genus Scherffeliomyces all 
eucarpic monocentric epibiotic chytrids in which the sporangium de- 
velops from an expansion of the germ tube remote from the zoospore 
cyst, the zoospore cyst and intervening section of germ tube remaining 


aS a persistent appendage attached to the sporangium. 
Scherffeliomyces scherffelii may be distinguished from other mem- 

bers of the genus by the presence of multiple lateral discharge papillae 

which give the sporangia a polygonal shape in cross-section and by 


means of the distinctive coralloid rhizoidal system. 


SUMMARY 


A new species of Scherffeliomyces, S. leptorrhizus, is described. 
The relationships between the genera Coralliochytrium and Scherffelio 
myces are discussed, and it is proposed that the genus Coralliochytrium 
be merged with Scherffeliomyces and that C. scherffelii be assigned the 
binomial, Scherffeliomyces scherffeli. The limits of the genus are dis 


cussed in the light of this proposal. 
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ELIZABETH EATON MORSE 


Lee Bonar 


(WITH PORTRAIT) 


In the death of Miss Morse on November 13, 1955, at Berkeley, 
California, after prolonged illness, the Mycological Society lost a member 
who had given many years of her life to collecting and studying tung. 

Miss Morse was born at Framingham, Massachusetts, December aa 
1864. After graduation from Ashland, Massachusetts, High School in 


1882, she taught in elementary schools for seven years betore entering 


Eaton Morst 


Photograph taken about 1930 


Wellesley College where she received her diploma from the School ot 
Art in 1891. Then followed more teaching—three years in Castle 
School, Tarrytown-on-the-Hudson, eight years in Winchester, Massa 
chusetts, as Art Instructor in Murdoch High School and as supervisor 
in the town schools. The next twenty years she taught and supervised 
in the New York City Schools (Morris and Theodore Roosevelt High 


Schools ) During these years she made summer trips to Kurope, Can 
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ada and Bermuda. In 1924 Miss Morse returned to Wellesley College 
and in 1926 was awarded the Bachelor of Arts Degree with a major in 
totany. She often said that her love of the study of plants had its 
beginning in her childhood on the farm so this change from art to botany 
is not surprising. 

In 1926 Miss Morse came to my office in Berkeley saying that she 
was on a summer vacation and desired to study Cryptogamic Botany. 
No courses in this field were being offered during the summer in Berke- 


ley and I made suggestions as to how she might carry out her desired 


program. A short time later | began receiving letters and shipments 
of fungi from Yosemite National Park where she had settled for the 
summer, Returning to Berkeley at the end of the summer, Miss Morse 
decided to retire from teaching, stay in California and devote herself to 
the study of the fungi which had become her all-pervading interest. She 
continued to maintain Berkeley as her home for the remainder of her life. 

She registered as a part-time graduate student at the University of 
California and was provided working space in the attic of the Botany 
Building. She soon had all the available tables covered with specimens 
for study and display and began to contribute mycological notes to news- 
papers in the hope of stimulating interest and gaining contact with other 
collectors. Although she was registered as a part-time graduate student 
for some time, Miss Morse was not a candidate for a higher degree. 
As a guest of the Department of Botany, however, she was provided 
with storage and work space for more than twenty years. 

Miss Morse organized the California Mycological Society with her- 
self as secretary. This Society was primarily a mechanism for the 
stimulation of collecting and for the exchange of specimens and through 
her extensive correspondence these activities were stimulated. Many 
of the collectors who were inspired by Miss Morse’s enthusiasm kept up 
their interest and association with her for a number of years. Because 
of gradually failing health, however, during the last ten years of her 
life, Miss Morse allowed the Society to fade away. 

She regularly spent her summers on collecting trips, and these cov 
ered areas in the western states from the Mexican border to Rainier 
National Park, with one trip to Alaska, one to Hawaii, and the summer 
of 1935 in Maine. Her displays of fungi, campfire talks for tourists, 
ete,, were common incidents in the campgrounds and parks that she 
visited. Although her interest was primarily with the macroscopic 
fungi, she collected myxomycetes, lichens, mosses, and some flowering 
plants. Between field trips she worked at identification, cataloguing, 


and distributing her collections. 
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Most of the microscopic studies on Miss Morse’s material were made 
by Mrs. Vera Mentzer Miller in our herbarium, others by those whom 
she employed or by spec ialists to whom she sent her material 
photographs to illustrate the 


She had great enthusiasm for obtaining 
ith this 


form and beauty of her specimens before they were dried and w 
end in view she had a very large number of photographs made by pro 
fessional scientific photographers. A selection of 364 mounted illus 
trations, “Photo Prints of Western Fungi,” was presented to the My 
cological Herbarium of the University of California, 1 rkeley, in April, 


1952, with the stipulation that the set be maintained intact. The nega 


tives are deposited here also. Copies of a large number of these photo 


graphs have been distributed by her to other institutions and individuals 


Miss Morse’s very extensive mycological collections were distributed 


by herself or according to her instructions The first large umit ts 
deposited in the Herbarium ot the University of California at Berkeley 
the second is in the National Fungus Collections at Belt sville, Maryland 
Smaller sets have been deposited in the New York Botanical Garden, 
Farlow, Wellesley College and the California Academy of Sciences 
herbaria, while miscellaneous collections have been sent to vartous places 
over the world 

Miss Morse made other important contributions to the Mycological 
Herbarium of the University of California. During the “depression 
years,” 1932-1936, she aided in the purchase of herbarium upplies and 
contributed $3300.00 toward the salary of an assistant 1m the herbarium 

The Mycologia Endowment Fund (cf. Mycologia 27: 551, 1935) 
was started with three gifts, $2100.00 in all, made anonymou ly by 
Miss Morse. She presented a large candelabrum to the Mvcological 
Society 1n September, 1955, with the hope that it would be used at 
future banquets of the Society 

Miss Morse carried on very extensive correspondence, wrote note 
for newspapers in areas where she was working, and contributed article 


to popular magazines and a series of papers to Mycotocia. Thus she 
was able to make important contributions to mycology when a life-long 


interest was given opportunity tor ¢ <pression after her retirement trom 


thirty-nine years of teaching 
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1941. Geaster limbatus: a new variety. Mycologia 33: 139-142, i 
A new western Pholiota. Mycologia 33: 367-370, ills 
A new polypore in Washington. Mycologia 33: 506-509, ills 
Podaxis pistillaris 11. Mycologia 33: 609-610 
1943. Study of a new Tricholoma. Mycologia 35: 573-581, ills 
1945. Some western discumycetes, Gyromitra esculenta, Helvella lacunosa. Myco 
logia 37: 414-424, ills. 
1947. The genus Cantharellus in the western United States. Mycologia 39: 497 
534, ills. (A. H. Smith, senior author.) 
1948. Variations in Montagnites arenarius (DC). Mycologia 40: 255 


DEPARTMENT OF BOTANY, 
UNIversity oF CALIFORNIA, 
SERKELEY, CALIFORNIA 


2 
| 
3 
4 
| 


NOTES AND BRIEF ARTICLES 


GAMMA AND THE CYTOPLASMIC CONTROL OF DIFFERENTIATION 
IN BLASTOCLADIELLA ' 


In Blastocladiella emersonu, spores trom resistant sporangial (KS) 
plants produce populations consisting of three kinds of thalli which have 
been designated as O (orange), O¢ (ordinary colorless), and LC (late 
colorless) plants. It was postulated that: (1) the incidence of these 
three types was controlled by the random distribution of a hypothetical 


() 


cytoplasmic factor, gamma; and (2) that a low concentration of g 


at one end of a typical distribution curve induced the genesis ot 


plants, a high concentration at the other end induced genesis of LA 


plants, and intermediate concentrations i between induced the bulk 
(9% ) of the population to become plants Subsequently, we 
found * a mutant of the wild type (called BEM) in which all plants 
which reached maturity were orange, and thus type O. We hypothe 
sized that if our notions about the cytoplasmic tactor were correct, the 
average concentration of gamma in plants ol BM should correspond 
to that postulated for O plants of B. emersonu 

We have now observed small (ca. 0.5 »), deeply-staiming, « ytoplasma 
particles whose distribution among the swarmers derived from plants 
of BEM and from the O, OC, LC, and RS plants of B. emersonu corre 
sponds to that predicted tor our hypothetical cytoplasnuc iactor, ganna 
Cultures were started on peptone-yeast-glucose media (PYG and 
PYG4B *) at 20° C using spore suspensions derived from 7- to 4 
old KS plants. A mature, individual, first generation KS plant (from 
medium PYG4B) and one each of the O, OC, LC, and i! 
(from medium PYG) were isolated from such cultures and allowed to 
discharge swarmers ; these uninucleate, uniflagellate cells were then « 
amined for cytoplasmic particles. This procedure was repeated at least 
five times: that is, swarmers were derived from 5 to 20 different plant 
of each type (RS, OC, LC, O, and BEM) over a four-month period, 


each plant having been derived from a different subculture of the organ 
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ism. The suspensions of swarmers were concentrated in depression 
slides under a current of air. About 0.05 ml aliquots of the concen 
trates were transferred to microscope slides and fixed with fumes from 
1“ osmic acid for 1 min. The slides were allowed to dry at room tem 
perature, Then, after adding one drop of Nadi reagent to the dried 
spores, the slides were covered, sealed, and examined under oil. For 
preparation of the Nadi reagent, a fresh, 1% aq. solution of dimethyl-p 
phenylenediamine* HCI (syn.; p-aminodimethylaniline- HCl) was pre 
pared for each run, adjusted to pH 7 with NaOH, allowed to stand for 
5 minutes, filtered, and then mixed with an equal volume of 1% alcoholic 


alpha-naphthol. 


nc——_- Gamma 


Free-hand sketch of swarmers of Blastocladiella stained with the Nadi 


reagent. nec, nuclear cap; n, nucleus; g, “lipoidal” granules 


The swarmers (Fic. 1) always displayed the well-defined nucleus and 
nuclear cap, and the conspicuous lipoidal granules (varying from discrete 
entities to a conglomerate mass resembling a “side body” ) as described 
previously.” However, the Nadi reagent also revealed the presence of 
smaller, blue-black particles, fairly constant in size, imbedded in the 
cytoplasm (Fic. 1). These particles were counted in swarmers selected 
at random from numerous preparations. The results (Fic. 2) re- 
vealed; (1) that three different distribution patterns were obtained from 
swarmers from O, OC, and LC plants of B. emersonti; and (2) that the 
distribution pattern for the swarmers from the orange mutant, BEM, 
corresponded to that for swarmers from the orange O plants of the 


wild type. 
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NOTES 


Finally, because diphenylamine almost completely suppressed syn- 
thesis of gamma carotene in Allomyces,® the mutant BI-M was grown 
on medium PYG containing the same concentration (3.7 x 10° M) of 
diphenylamine used for Allomyces. Under these conditions, most first 


% of total spores in each step int 


O-3 4-7 6-1 (2-i8 1619 20-23 24-27 263i 32-35 
step interval (gamma particies/spore) 


Fic. 2. Frequency distribution of cytoplasmic particles (tentatively 


assumed to 


gamma, of Cantino and Hyatt?) in swarmers derived 


from individual first generation plants of BEM and of O, OC, and LC plant 


B. emersonu. Data for RS plants are not included because the distribution of 


be the cytoplasmic factor, 


particles in RS spores was almost identical with that for OC plant BEM ") 
swarmers counted, av. # particles per swarmer, 8.0; median, 7. BEM plus di 
phenylamine ; 197 swarmers counted, av. # particles per swarmer, 11.5; median, 1] 
BE-O: 178 swarmers counted, av. # particles per swarmer, 7.5; median, 6 
BE-OC: 445 swarmers counted, av. # particles per swarmer, 12.5; median, 11 
BE-LC: 156 swarmers counted, av. # particles per swarmer, 15.5; median, 15 


generation plants were rendered colorless; the content of cytoplasmi: 
particles found in swarmers derived from such mutant plants now cor 
responded to that of the swarmers from colorless OC plants, rather than 


the orange O plants, of the wild type. 
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It has been suspected ® that in Allomyces, a high concentration of 
“mitochondria” may be associated with colorless, female gametangia 
and, conversely, a low concentration with orange, male gametangia 
containing carotene. In Blastocladiella, it now seems reasonably certain 
that the distribution of mitochondria-like particles is, indeed, correlated 
with the presence or absence of carotene and, by analogy with Allomyces 
and other species of Blastocladiella, “maleness” and “femaleness.” 
C. Cantino anp FE. A, Horenstein, Department of Botany, 


University of Pennsylvania, Philadelphia, Pa 


MIcROASCUS PEDROSOI IS M. CINEREUS—A CORRECTION 


It was stated in our recent report (Fuentes & Wolf, 1956) that asco- 
carps appeared in cultures of 4 isolates of Hormodendrum pedrosoi and 


failed to form in cultures of 12 other isolates. In further studies to 


determine the conditions that are required for production of ascocarps 
by these 4 cultures it was found that they were contaminated with a 
dematiaceous fungus, identical with Scopulariopsis cinereus, as described 
by Emilé-Weil and Gaudin (1919). Although these investigators prop 
erly depicted the structure and development of both the conidial and 


ascogenous stages they did not assign it to Microascus, a genus estab- 
lished by Zukal about 30 years earlier. 

The genus Scopulariopsis, moreover, was established by Bainier 
(1907), who placed it among the Mucedinaceae with S. brevicaulis as 
the type. As such, it occupies a position parallel with that of //ormo- 
dendrum in the Dematiaceae and Stysanus in the Stilbaceae. The de- 
velopment of conidiophores and conidia in these three parallel genera 
has been shown by Hughes (1953) to be of the same type. Also Thom 
(1930) and Raper and Thom (1949) indicate that divergent generic 
types have been included in Scopulariopsis, pointing out the need for 
further study of this assemblage. The existence of this situation among 
so-called species of Scopulariopsis was appreciated by Sopp (1912), who 
proposed the name Acaulium to accommodate dematiaceous, Scopu- 
lariopsis-like species. He noted that ascocarps were produced by two 
of the species which he studied and named them Acaulium albo-nigres- 
cens and A, nigrum, Undoubtedly both properly belong to Microascus, 
as has been concluded by Emmons & Dodge (1931) and Curzi (1931). 
Also Ota (1928) proposed that two dematiaceous species of Scopu- 


® Emerson, Ralph. In: Aspects of synthesis and order in growth, 13th Growth 
Symposium, Princeton, N. J. Pp. 171-208. 1954 
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lariopsis-like fungi, that he studied, be placed in Phacoscopulariopsis, 
naming them ( Poll.) Ota (Torula paisu Poll.) and P. bestac 
(Poll.) Ota (Torula bestae Poll.). The genus Masonia, proposed by 
Smith (1952), based on M. grisea, is superceded by Phaeoscopulariopsis 
Biourge (1923), while monographing Penicillium, noted that species 
of Scopulariopsis were constantly being found among his cultures of 
Penicillium. Also, mycologists have isolated from human lesions in 
volving the tongue, eyes, mouth, nails, lungs, lymph nodes, and skin, 
about a dozen mucedinaceous species of Scopulariopsis (Dodge, 1935) 
and 2 dematiaceous ones, namely S. lunasporus Jones (1936) and § 
trigonosporus (Microascus trigonosporus Emmons & Dodge, 1931) 
Not only are there taxonomic reefs to be encountered in dealing with 
the conidial Scopulariopsis-like species, and their occurrence as con 
taminants, but also formidable obstacles intervene regarding the identity 
and relationships of the ascogenous stage or stages. For example, 
Peristomium desmosporum Lechmere (1913) and Nephrospora mangini 
Loubiere (1924), both monotypic, belong to Microascus. The descrip 
tions and illustrations of each and their developmental morphology 
leave no doubt that they should be included in Microascus. Curzi 
(1931) contends that Rosellinia schumacheri ( Hans.) Sace. and M elano 
Spora stysanospora Matt., the latter having Stysanus as its conidial stage, 
properly should be included in Microascus, but his evidence is not en 
tirely convincing. Finally, 7 of the 13 species presently believed to 
constitute the genus Microascus possess a dematiaceous conidial stage, 
i.e, of the Phaeoscopulariopsis type, which we deem a very apt generic 
name, whereas a conidial stage is not known to occur in connection with 
the remaining 6 species. It becomes apparent, therefore, that taxonomic 
confusion, involving Microascus, has long existed. It is hoped that this 
brief note marks the beginning of studies to clarify the entire complex 
problem.—C. A. Fuentes, Universidad de Habana, Cuba, and F. A 
Woxr, Duke University, Durham, N. C 
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COLONY MOUNTS OF FUNGI 


A simple method for mounting some fungi for reference or demon 
stration purposes has been a problem in many teaching laboratories. 
Many of the methods now in use are time-consuming or destroy the 
integrity of the colony through manipulation, drying or preservation 
techniques. The present method overcomes many of these objections 
A complete colony is mounted with a minimum of manipulation. Many 
of the lower fungi are amenable to the procedure, provided that in han 


dling the pathogens proper precautions against infection of personnel 
are observed. The method of prior killing of the cultures as described 


by Espenshade' has been found to be an effective procedure in this 
connection. While it is not possible to observe the colony in three 
dimensions as in the method of [espenshade, both the reverse and surface 
of the colony are observable and the microscopic details can be viewed 
under any magnification. The method has not been found to be entirely 
satisfactory for colonies that heap above the surface of the medium since 
the coverslip does not lie flat on the colony and not enough light is 


1 Espenshade, M. A. A technique of mounting fungal colonies for museum 
specimens. Mycologia 45: 309-312. 1953. 
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transmitted for proper viewing. However, along the margins of the 


colony, lower magnifications are adequate for observation The pet 
manency of the method as a means of preserving the specimens intact 
and complete is still to be proved, Several species ot tung have been 
mounted over two vears and no change in appearance has been noted, 
so it would appear the method may produce fairly permanent mounts 
Petri dishes containing a thin layer of suitable culture medium are 


spot inoculated with the specimen to be mounted. The plates may be 


Candida albicans grown on Chlamydospore Agar (Difco). Made trom 


mount prepared six months previously 
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examined periodically using either a dissecting or compound microscope. 
In the former case it is often possible to allow the cover of the petri dish 


to remain in place. If scanning with the low power objective is pre- 
One 


ferred, it has been found advantageous to use duplicate plates. 
plate is used for examination to ascertain when the proper stage of 


growth has been obtained. The other plate then serves as a source of 
uncontaminated material for mounting. 

When the proper stage of growth has been reached, a block of agar 
containing the complete colony is cut out with a flamed scalpel. This 
block should be slightly smaller than the coverslip used. It is then 
placed growth-side down on the coverslip and a drop of 10 percent for 
malin added. When the formalin has diffused into the agar, the excess 
is removed by blotting and the block placed on a slide. The space be 
tween the overhang of the coverslip and slide is filled with Permount.’ 
Blocks stained with lacto-phenol have been prepared in the same manner. 
Various types of culture media have been used and found satisfactory. 
Blocks containing no preservative have been prepared and have remained 
satisfactory for more than two years.—Scorr V. Covert, Department of 
Microbiology, Albany Medical College, Albany 8, New York. 


THE CELLOPHANE TECHNIQUE FOR STUDYING MORPHOLOGY AND 
HYPHAL FUSIONS IN FUNGI 


Culture on cellophane is a valuable adjunct to the usual methods for 
studying morphology, cytology and physiology in fungi and bacteria 
(Flemming and Smith, 1944; Reed and McKercher, 1948; Jones, 1950; 
Yuill, 1950; Roane, 1952). Although the technique has wide applicabil- 
ity and has been in use for several years, it is still not well known and 
has yet to find its way into textbooks. It has even been described as a 
new method as recently as 1953 (Giolitti and Bertani). Thus, a further 
description seems desirable before discussing two new applications. The 
cellophane technique has been applied here to the study of hyphal fusions 
and for observations on the growth of yeast-like fungi. 


MATERIALS 


Cellophane for this technique should be thin (ca. 20»), plain, cellu- 
lose film, such as that usually sold for wrapping gifts. The cellophane 
used on food packages has a moisture resistant coating which turns 
white when boiled or autoclaved. 


* Permount—A mounting medium available from Fisher Scientific Company. 
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Lacto-fuchsin is prepared by dissolving 0.1 gm of acid fuchsin im 
100 ml of lactic acid (Carmichael, 1955) 

Dextrose-salts agar consists of 0.01 each ot dextrose, sodium chlo 
ride. ammonium sulfate, and dibasic potassium phosphate, plus 100 pgm 


per liter of biotin, and 2% agar 


PROCEDURI 


Small squares ot cellophane (15-18 mm), convement tor mounting 


under 22 mm cover glasses, 


Shortly before use a prepared dish 1 flooded with 


are arranged between layers of filter papet 


in petri dishes. 
The sterile squares are then pu ked 


water, drained, and auto laved. 
up with forceps and placed on the surface of a solid culture medium 


After any excess surface moisture has disappeared, the organism to be 
studied is inoculated on top of the cellophane Thus, the growing or 
ganism is separated from its culture medium by the cellophane membrane 
Growth can be followed by examining the culture directly under the 
low power ol the microscope. ‘This examination is facilitated if small, 
6 cm petri dishes are used rather than the common 10 em dishes. bor 
permanent mounts, the ¢ ellophane is lifted off the agar and placed, colony 
side up, on a drop of lacto-fuchsin or lactophenol on a slide. The surtace 
growth may then be wetted down with 70% alcohol, and a second drop 


of lacto-fuchsin and a cover glass placed on top. 


APPLICATIONS 


This simple technique has been found particularly useful for studying 
the growth of easily fragmented, yeast like fungi such as Geotrichum 
candidum (Carmichael, 1954). In this organism the fragile chains of 
arthrospores can be observed without disturbing them, as in a micro 
culture, and the distinction between vegetative and sporulating hyphae 
is readily seen. The pattern of mycelial development in the growing 
colony is shown with diagrammatic clarity. For best results the medium 
should be chosen to give a thin, spreading growth Dextrose-salts agar 
and corn meal agar are suitable for many fungi, since they support the 
desired type of growth and also favor early sporulation 

For the observation of hyphal fusions ( Buller, 1931, 1933; Davidson, 
Dowding and Buller, 1932: Vandendries, 1933; Robak, 1942; Cabral, 
1951: van Uden, 1951; Brodie, 1955; Taschdjian, 1955) the cellophane 
technique offers a unique advantage in that growth is in one plane only, 


on the surface of the membrane. This greatly simplifies the problem 
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of tracing hyphae back to their respective inocula. [ven on cellophane, 
however, there is only a limited period during development of the col- 
onies when fusions can be observed successfully. This period extends 
from the time the opposing hyphae first come in contact, until the time 
when they have mingled to such an extent that it is impossible to trace 
them back to their source. Because of the time element it has been 
found advantageous to inoculate strains to be tested in the form of two 
converging lines. This practice allows some latitude in incubation time. 
After a short incubation period fusions can be observed near the point 
of the “V" formed by the growing colonies. After a longer incubation 
period fusions can be seen nearer the opened end of the “V.” 

It has been found that a very dilute medium (0.0005% each of dex 
trose and peptone in 2% agar) favors the early production of hyphal 
fusions in certain dermatophytes. Little is yet known about other fac- 
tors governing fusions, but the simplification in procedure afforded by 
the cellophane technique should encourage further studies. At this 
laboratory attempts are being made to develop the fusion test for rapid, 
routine differentiation between Trichophyton mentagrophytes and Tri 
chophyton rubrum. 


SUMMARY 


Morphology and hyphal fusions can be studied readily if fungi are 


grown on small, sterile squares of cellophane placed on the surface of 
suitable agar media. Colonies on cellophane may be mounted in lacto- 
fuchsin or lactophenol for microscopic examination, The technique 
yields many of the observational advantages of a microculture, but 
requires no more time and effort than an ordinary culture and mount. 
J. W. Carmicnae, Provincial Laboratory of Public Health, Univer 
sity of Alberta, Edmonton, Alberta, Canada. 


MYCOLOGICAL SOCIETY FELLOWSHIPS 


The 1956-57 Mycological Society of America Graduate Fellowship 
has been awarded to Mr. Lennart Holm of the Institute of Systematic 
totany at the University of Uppsala, Sweden. The followship carries 
a stipend of $750.00. Mr. Holm, a student of Professor J. A. Nann- 
feldt, is pursuing doctoral studies on the classification of the Ascolocu- 
lares.—ResearcH GRANTS COMMITTEE, MyYCOLOGICAL Society oF 
America, GLApys BAKER, CHAIRMAN. 
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STANDARD VALUES IN NUTRITION AND MetaporisM, edited by E. C. 
Albritton. Photolithographed. i-xiii, 1-380 pp. W. B. Saunders 
Co., Philadelphia. 1954. $6.50. 

The second fascicle of the “Handbook of Biological Data’ has been 
prepared with the help of an imposing list of 829 “contributors and 
reviewers.” It contains 160 tables, covering 250 pages, which are 
backed up by 107 pages of references arranged by table rather than in 
alphabetic or chronologic order. 

Twenty-one tables are of interest to mycologists, whether in the 
classroom, in the laboratory, or in industry. The first nine tables carry 
general information for all principal groups of organisms. Under the 
general topic “nutrients” 31 elements are considered; 24 organic com- 


pounds such as amino-acids, peptides and proteins; 12 lipids; 49 vita- 


mins and related compounds; 22 purines and pyrimidines; 25 miscel- 
laneous growth factors; 23 general nitrogen sources; 15 general carbon 
sources ; and 28 general sulfur sources. Fungi and yeasts are tabulated 
separately, information is given as to whether a substance is required 
or not required, utilized or not utilized, and special characteristics of 
such requirement or utilization. Occasionally specific organisms are 
mentioned in footnotes, otherwise reference must be made to original 
papers for specific data concerning individual species or strains. 

Table 23 lists 82 filamentous fungi and their utilization of 12 differ- 
ent sugars. 

Table 24 lists 35 carbohydrates and their utilization by 33 yeast 
species in 15 genera. 

The vitamin requirements of 514 species of fungi are listed in Table 
25, indicating various strain or isolate exceptions. Most species tested 
in larger genera have similar basic requirements and are listed in 
footnotes, 

Table 59 presents 4 types of fungi and their requirements in culture 
media. The title of the table is misleading for the content is highly 
restricted and the information applies only to special aspects of study 
of specialized organisms. 

Three tables, 68, 69 and 70, present data on “proximate chemical 
composition and energy values of foodstuffs of plant origin,” “mineral 


composition” and “vitamin composition.” Of interest to mycophagists 
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are the data presented on the “mushroom (.4garicus camprestris),”” one 
of the 95 foodstuffs tabulated In these tables, energy, and 6 types ot 
chemicals are listed as kilocalories or grams per 100 grams of edible 
100 g 


portion of fresh uncooked foodstuff ; 13 minerals are listed as mg 
and 5 vitamins are given as mg/100 g 

Among the 81 feedstuffs listed in Tables 76 and 77, dried brewer's 
yeast is included. Twelve nutrient and digestible nutrient values as 
grams per 100 g, 2 energy values as calories, 5 minerals and 5 vitamins 
as mg/100 g, are listed. Unfortunately the tables were completed prior 
to the development of Torulopsis utilis as a feedstuff so that no data on 
this organism appear 

It would be of interest in mycologi al physiology to see a table 


developed something like Table 96 showing the functions of essential 


elements for bacteria. 

The 15 tables showing, diagrammatically, pathways of digestion, 
metabolism, catabolism, metabolic interrelationships, the Krebs Cycle, 
the Cytochrome system and the nitrogen cycle, can be most helpful for 
the processes and transformations shown apply in many cases to fungi 
as well as to other organisms. 

One hundred sixty-one products of carbohydrate metabolism of molds 
are listed in Table 118 according to the mold species producing them 
and the yield. Such tabulation points up a need for a uniform report 
ing system. In the first 15 entries such diverse reports are given as: 
up to a certain percent of theory, a percent of carbohydrate used, a 
percent of dry mycelium produced, and a relation to amount of spe ial 
medium used. Other ways of reporting are also listed. The products 
are listed alphabetically under suc h headings as organic acids, aldehydes, 
alcohols and related compounds, pigments, chlorine-containing com 
pounds; polysaccharides; sterols and lipids; and nitrogen-contaiming 
compounds 

Saccharomyces cerevisiae, together with 4 bacteria, is listed in Table 
119 in respect to 10 products of carbohydrate metabolism as affected by 
change in pH. pH 3.0 is compared with pH 7.8 The table indicates 
no intermediate levels nor optimum, minimum and maximum pil le vels 
for metabolism of any of the 10 substances 

sixteen fungi and 2 lichens are listed in Table 145 showing rates ol 
respiration under certain temperature conditions In seven cases this 
is given as CO, released in cu mm/gm/hr; in 19 cases this ts given a 
©, absorbed; while the respiratory quotient is listed in only 5 case 

Finally, in Table 160, metabolic rates are given for two tung: among 


30 soil organisms listed. Data given include weight, temperature, meta 


; 
155 

ig 


456 Mycotoaia, Vor. 48, 1956 


bolic rate in calories /hr /individual, O, consumption in ml/hr/ind, and 
L/kg/hr, respiratory quotient, and typical estimate of mass in gm/sq m 


of natural Bripce CooKkt 


ComMon FunNat (revised edition), by Clyde M. Christensen. 
vii + 246 pp. Numerous figures. Photo offset, spiral binding. Burgess 
Publishing Co., Minneapolis, Minnesota. 1955. Price, $3.00 

This book attempts to key out in popular form, using simple lan 
guage, and without reference to microscopic details, between 350 and 400 
of the larger fungi commonly found in the temperate parts of the United 
States. Well over half of the book is devoted to agarics, but the poly 
pores are well represented. A few hydnums, boletes, clavarioid species 
and tremellaceous forms are mentioned, also some of the commoner 


gasteromycetes and some miscellaneous Ascomycetes, with special em- 


phasis on morels and related forms. There is a brief bibliography, and 


additional references are cited at appropriate places in the text 

There are numerous typographical errors, to which the offset method 
seems particularly susceptible, and some unfortunate general statements, 
e.q., that there is but a single species and genus in the Secotiaceae and 
only one species of Strobilomyces. The use of obsolete generic names, 
such as Geaster and /thyphallus, the citation of Bulgaria imquinans, an 
inoperculate, as the only representative of the operculate genus Bulgaria, 
are examples of regrettable treatment. An amateur, working inde- 
pendently, and trying to key out species in such large and diffieult genera 
as Cortinarius, Tricholoma, Lactarius, and Russula, where only a few 
representatives are included, will be sure to get into difficulty. 

There are many problems confronting one who undertakes to compile 
a popular book on the larger fungi. The widely used classifications are 
archaic, the nomenclature is chaotic; decision as to what is to be in- 
cluded and what may be omitted, the attainment of a moderate con- 
sistency and balance in the treatment of various groups, all present 
difficulties which are hard to overcome. It cannot be said that these 
have been overcome in the volume under consideration. As a con- 
venient field manual, to be used by a class under the supervision of a 
competent instructor, this book should have definite usefulness.— 


G. W. M. 
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MANUSCRIPT 


Publication in MYCOLOGIA is ordinarily restricted to those who have 
members in good standing of the Mycological Society of America for over a 
immediately preceding submission of manuscript. Exceptions to this regulation 
quire a favorable vote by a majority of the Editorial Board. When a paper has 
or more authors, the person submitting the paper is expected t> be a member. 


Papers should be submitted in duplicate, typewritten and double-spaced through- 
out, to any member of the Editorial Board. When papers are not submitted in proper 
form, it may be necessary to return them to authors. They will be published in 
approximate order of their acceptance, except for the address of the retiring Presi- 
dent and papers whose cost of publication is paid by the authors, the latter run as 
excess pagination. 

All illustrations should be numbered consecutively throughout a paper, using 
arabic numbers and small letters for subdivisions, eg., Fig. 1, a etc. This does not 
mean that all figures grouped for convenience on a single page need have a single 
number. Figures should be prepared so that, when reduced, the width will not 
exceed 4 inches, and should be short enough to permit the insertion of the legend 
beneath the figures. Each article will be restricted to twenty pages, including illus- 
trations, except when authors submit only one paper in two or three years of member- 
ship, in which case the restriction will be thirty and forty pages respectively. Ruled 
tabular matter is counted double. Should an author wish to publish additional pages 
in one article he may do so by paying for the excess pages at current rates. 


Citations of literature should be double-spaced, aranged in alphabetical order and 
cited by numbers or dates. In citing papers with twc or more authors, only the first 
author should have the initials after the surname. Tuc address of the author should 
appear at the end of the text, before the bibliography. 


Each author will be restricted to two pages of half-tone illustrations or three of 
zine line-engravings for each article, the total cost not to exceed $25. If figures 
are mounted on board, the cost of routing may be such as to restrict the space allow- 
ance substantially. Should the cost of cuts exceed $25, the author will be asked to 


pay the excess. 


To comply with the International Rules, it is recommended that contributors fur- 
nish brief Latin diagnoses of all new species and genera when their manuscript is 
submitted for publication. 
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The New York Botanical Garden 


Mycologia, bimonthly; devoted to fungi, including lichens; containing technical articles and 
news and notes of general interest. $8.50 a year; single copies $1.75 each. 


Established by The New York Botanical Garden in 1909, in continuation of the Journal of 
Mycology, founded by W. A. Kellerman, J. B. Ellis, and B. M. Everhart in 1885. Edited by 
William Alphonso Murrill, 1909-1924, Edited by Fred Jay Seaver, 1924-1946; by Alexander H. 
Smith, 1946-1950. Beginning with January, 1933, the official organ of the Mycological Society 
of America. 


North American Flora. Descriptions of the wild plants of North America, including Green- 
land, the West Indies, and Central America. Planned to be completed in 34 volumes. Roy. 8vo. 
Each volume to consist of four or more parts. {Not offered in exchange.] Volumes 1-10 devoted 
to fungi. 


Vol. 1, part 1, 1949. Myzxomycetes, $7.25. 
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(Parts 1-5 out of print.) 


Vol. 9 (now complete), parte 1-7, 1907-1916. Polyp (pars). $2.00 per 
part. (Parts 1-3 out of print.) 


Vol, 10, part 1, 1914; parts 2 and 3, 1917; part 4, 1924; part 5, 1932. Agariceae (pars). $2.00 
per part. 
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news, book reviews, and non-technical articles on botany, exploration, and horticulture. Free to 
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